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significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — — 

(216)433-4000. 
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Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN ~  "~ 
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Agriculture  &  Food 

0001  Drying  Nematodes  for  Shipping  (Licensing  Opportu- 
nity) 

0002  Supercritical  Extraction  Removes  Pesticides  from 
Meat 

0003  Food-Growing,  Air-  and  Water-Cleaning  Module  — 
An  apparatus  produces  fresh  vegetables  and 
removes  pollutants  from  the  air.  (Licensing  Opportu- 
nity) 

Other  Items  of  Interest 

0057  High-Resolution  Structure  for  Chymosin  Solved 

0058  APIS:  An  Acoustical  System  for  Identification  of 
Subspecies  of  Honeybees 

Computers 

0004  The  BITNET  Network  —  An  Aid  to  Research. 

0005  Fault-Tolerant  Local-Area  Network  —  A  concept 
offers  monitoring  and  control  features  as  well  as  high 
reliability.  (Licensing  Opportunity) 

0006  Simulation  of  Satellite  Imagery  from  Aerial  Imagery 

—  High-resolution-image  data  are  convolved  with  a 
point-spread  function.  (Licensing  Opportunity) 

Software 

0007  Archival-System  Computer  Program  —  Files  are 
stored  with  various  degrees  of  relative  permanence. 

0008  Semi-Markov  Unreliability-Range  Evaluator  — 
Reconfigurable,  fault-tolerant  systems  are  modeled. 

Electrotechnology 

0009  Amplifier  Manufacturing 

0010  Surface  mount  Technology:  A  Reliability  Review 
SOAR-5 

001 1  Designing  Estimator/Predictor  Digital  Phase-Locked 
Loops  —  Signal  delays  in  the  equipment  are 
compensated  automatically.  (Licensing  Opportunity) 

0012  Diffraction-Coupled,  Phase-Locked  Semiconductor 
Laser  Array  —  A  stable,  narrow  far  field  is  produced. 
(Licensing  Opportunity) 

001 3  Matching  Network  for  Microwave  Preamplifier  — 
Stable  operation  and  broadband,  optimum  noise 
performance  are  achieved. 

0014  Phase-Locked  Semiconductor  Lasers  with  Separate 
Contacts  —  Individual  current  feeds  enable  better 
uniformity  and  flexible  control. 

001 5  Searching  Circuit  for  a  Servoloop  —  The  feedback 
error  voltage  is  forced  into  the  range  of  stability. 

0016  Preventing  Arc  Welding  from  Damaging  Electronics 

—  Appropriate  shielding,  grounding,  and  cable 
routing  protect  delicate  parts. 

001 7  Time-Zone-Pattern  Satellite  Broadcasting  Antenna 

—  Phase  and  amplitude  constraints  are  applied  at 
overlapping  feeds  to  minimize  power  losses. 
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001 8  Video  Analog  Signal  Divider  —  This  inexpensive 
device  also  produces  thermal  images  in  conjunction 
with  standard  color  camera  systems.  (Licensing 
Opportunity) 

Testing  &  Instrumentation 

001 9  System  Measures  Logic-Gate  Delays  —  Many  gates 
on  a  chip  are  tested  automatically.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0032     Hot-Film  Anemometer  for  Boundary-Flow  Transitions 

—  A  temperature-compensated  instrument  yields 
data  at  subsonic  and  supersonic  speeds.  (Licensing 
Opportunity) 

Energy 

Other  Items  of  Interest 

0028     Elastomer  Pump  Seals  for  Coal  Liquefaction 
Applications 

Engineering 

0020  Nation's  Tallest  'VAWT  Turning  Out  the  Watts 
Single-Family  Building  Retrofit  Research 
Error-Tolerant  Quasi-Paraboloidal  Solar  Concentra- 
tor—  Scalloping  the  reflector  surface  reduces 
sensitivity  to  manufacturing  and  aiming  errors. 
Bipolar-Battery  Construction  —  The  components  are 
configured  so  that  the  processing  steps  can  be 
automated.  (Licensing  Opportunity) 
Acoustical  Convective  Cooling  or  Heating  —  A  small, 
efficient  ultrasonic  device  circulates  a  fluid.  (Licens- 
ing Opportunity) 

Designing  Film-Cooled  Turbine  Disks  —  A  technique 
would  optimize  weights  and  speeds  of  disks  in  film- 
cooled  turbines.  (Licensing  Opportunity) 
Quasi-Three-Dimensional  Analysis  of  Turbine  Flow 

—  A  computer  program  reduces  computer  time  and 
treats  multiple  elements.  (Licensing  Opportunity) 
Quick-Change  Optical-Filter  Holder  —  A  dark  slide 
and  interlock  protect  against  ambient  light. 
Elastomer  Pump  Seals  for  Coal  Liquefaction 
Applications 

Crack-Covering  Patch  Technique  for  Multilayer 
Cryogenic  Insulation 

Testing  &  Instrumentation 

0030      Leak  Detection  for  Liquefied  Gases 

System  Developed  to  Verify  Compliance  with  Arms 

Treaties 

Hot-Film  Anemometer  for  Boundary-Flow  Transitions 

—  A  temperature-compensated  instrument  yields 
data  at  subsonic  and  supersonic  speeds.  (Licensing 
Opportunity) 

Holocinematographic  Velocimeter  —  Holographic 
movies  are  used  to  study  turbulent  flows. 
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Engineering  (Cont.) 

Other  Items  of  Interest 

0056     Furnace  for  Rapid  Melting  and  Freezing  —  An 

experiment  could  be  conducted  in  less  than  one 

minute.  (Licensing  Opportunity) 

Environmental  Science  &  Technology 

0034  National  Ambient  Volatile  Organic  Compounds 
(VOCs)  Data  Base  Update 

0035  Process  for  the  Solidification  of  Radioactive  and 
Other  Toxic  Wastes  in  Polyethylene 

Other  Items  of  Interest 

0003     Food-Growing,  Air-  and  Water-Cleaning  Module  — 
An  apparatus  produces  fresh  vegetables  and 
removes  pollutants  from  the  air.  (Licensing  Opportu- 
nity) 

0059     X-Ray  Device  for  Measuring  Lead  in  Children 
(Licensing  Opportunity) 

0070     New  Approach  to  Analyses  for  Organic  Marine 
Contaminants 

Manufacturing,  Machinery  &  Tools 

0036  Identifying  and  Capturing  Quality  Costs 

0037  Computer  Integrated  Manufacturing  Concepts  and 
Applications 

0038  Laser  Cutting  Review 

0039  Air-Operated  Sump  Pump  —  A  compact  unit  raises 
water  85  ft.  (Licensing  Opportunity) 

0040  Continuous  Production  of  Refractory  Microballoons 

—  A  continuous  process  would  have  economic  and 
quality  advantages  over  batch  processes.  (Licens- 
ing Opportunity) 

0041  Easy-To-Use  Connector-Assembly  Tool  —  A  tool 
compensates  for  the  user's  loss  of  dexterity  under 
awkward  conditions.  (Licensing  Opportunity) 

0042  Making  Smaller  Microshells  from  Refractory  Metals 

—  The  tendency  toward  gas  porosity  would  be 
exploited.  (Licensing  Opportunity) 

0043  Mold  for  Casting  Radius-Inspection  Specimens  — 
Thin  replicas  can  be  viewed  on  a  comparator  without 
sectioning. 

0044  Noncontacting  Inspection  Heads  for  Robots  —  A 
compact  end  effector  would  contain  sensors. 

0045  Quickly  Removable  Valve  —  A  conceptual  unit  could 
be  removed  with  minimal  disturbance. 

Testing  &  Instrumentation 

0046  Device  Rotates  Bearing  Balls  for  Inspection  —  The 
entire  surface  of  a  ball  is  inspected  automatically  and 
quickly. 


Other  Items  of  Interest 

0009     Amplifier  Manufacturing 

001 6     Preventing  Arc  Welding  from  Damaging  Electronics 

—  Appropriate  shielding,  grounding,  and  cable 
routing  protect  delicate  parts. 

Materials 

0047  Consolidation  of  Aluminum  Powder  Metallurgy  Alloys 

0048  Strength  and  Durability  of  Adhesive  Bonded  Ti-6A1- 
4V  Joints 

0049  Place  for  Thermoplastic  Composites  in  Structural 
Components 

0050  Acrolein  Microspheres  are  Bonded  to  Large-Area 
Substrates  —  Reactive  microspheres  are  bonded  to 
inert  substrates.  (Licensing  Opportunity) 

0051  Cold-Worked  Inconel  71 8  Bars  —  Cold  working  and 
double  aging  yield  high  strength  without  sacrifice  of 
resistance  to  corrosion. 

0052  Halogenation  Enhances  Carbon-Fiber/Epoxy 
Composites  —  Interlaminar  shear  strength  is 
increased  by  an  inexpensive  treatment. 

0053  Rebound  of  Previously  Compressed  O-Ring  —  The 
behavior  over  a  range  of  temperatures  is  analyzed. 

Testing  &  Instrumentation 

0054  Numerical  Analysis  of  Interlaminar-Fracture  Tough- 
ness —  Finite-element  analysis  is  applied  in  conjunc- 
tion with  strain-energy  and  micromechanical 
concepts. 

0055  Ultrasonic  Measurement  of  Silicon-Growth  Interface 

—  The  difference  in  acoustic  impedance  between 
the  liquid  and  solid  would  cause  sonar  reflections. 

0056  Furnace  for  Rapid  Melting  and  Freezing  —  An 
experiment  could  be  conducted  in  less  than  one 
minute.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0042     Making  Smaller  Microshells  from  Refractory  Metals 

—  The  tendency  toward  gas  porosity  would  be 
exploited.  (Licensing  Opportunity) 

Medicine  &  Biology 

0057  High-Resolution  Structure  for  Chymosin  Solved 
Testing  &  Instrumentation 

0058  APIS:  An  Acoustical  System  for  Identification  of 
Subspecies  of  Honeybees 

0059  X-Ray  Device  for  Measuring  Lead  in  Children 
(Licensing  Opportunity) 

0060  Lightweight  Helmet  for  Eye/Balance  Studies  —  A 
bite  board,  sized  liners,  and  inflatable  bladders  fix 
the  helmet  to  the  head.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0004     The  BITNET  Network  —  An  Aid  to  Research. 
0069      IMAGESystem:  A  System  to  Measure  DNA  Damage 
(Licensing  Opportunity) 
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Natural  Resources  Technology  & 
Engineering 

0061  Lithologic  Data  from  Pacific  Ocean  Deep  Sea  Drilling 
Project  Cores 

Testing  &  Instrumentation 

0062  Rain-Mapping  Radar  —  Rates  of  precipitation  would 
be  measured  over  large  areas. 

0063  Topographical  Mapping  with  Synthetic-Aperture 
Radar  —  Interferometry  assists  in  locating  image 
points. 

Physical  Sciences 

0064  New  Coherent,  Tunable  UV  Light  Source  is  Highly 
Efficient 

0065  Controlling  Vapor  Pressure  in  Hanging-Drop 
Crystallization  —  The  rate  of  evaporation  is  adjusted 
to  produce  larger  crystals.  (Licensing  Opportunity) 

0066  Improved  State  Selection  for  Hydrogen  Masers  — 
Atoms  that  do  not  contribute  to  maser  oscillation  are 
removed. 

Software 

0067  Program  Collects  and  Analyzes  Thermoelectric  Data 
—  The  program  is  also  adaptable  to  other  types  of 
experimental  data. 

Testing  &  Instrumentation 

0068  New  Fiber-Optic-Based  Phase-Resolved  Phospho- 
rescence Spectrometer 


0069  IMAGESystem:  A  System  to  Measure  DNA  Damage 
(Licensing  Opportunity) 

0070  New  Approach  to  Analyses  for  Organic  Marine 
Contaminants 

0071  Dual-Cathode  Electron-Beam  Source  —  The  beam 
from  either  cathode  is  electromagnetically  aligned 
with  an  exit  port.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0002     Supercritical  Extraction  Removes  Pesticides  from 

Meat 
0006     Simulation  of  Satellite  Imagery  from  Aerial  Imagery 

—  High-resolution-image  data  are  convolved  with  a 

point-spread  function.  (Licensing  Opportunity) 
0030     Leak  Detection  for  Liquefied  Gases 
0059     X-Ray  Device  for  Measuring  Lead  in  Children 

(Licensing  Opportunity) 
0034     National  Ambient  Volatile  Organic  Compounds 

(VOCs)  Data  Base  Update 

Transportation  &  Components 

0072  Protection  Airplanes  from  Wind  Shear  —  Improve- 
ments in  flightpath  displays  may  help  pilots  avoid 
crashes  in  downbursts.  (Licensing  Opportunity) 

0073  Tests  of  Helicopter  Control  System  —  Advanced 
control  systems  are  being  developed  for  rotorcraft. 
(Licensing  Opportunity) 
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Agriculture  &  Food 


0001  Drying  Nematodes  for  Shipping  (Licensing  Opportunity) 

0002  Supercritical  Extraction  Removes  Pesticides  from  Meat 

0003  Food-Growing,  Air-  and  Water-Cleaning  Module  —  An  apparatus 
produces  fresh  vegetables  and  removes  pollutants  from  the  air.  (Licens- 
ing Opportunity) 

Other  Items  of  Interest 

0057  High-Resolution  Structure  for  Chymosin  Solved 

0058  APIS:  An  Acoustical  System  for  Identification  of  Subspecies  of  Honey- 
bees 
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Research  Technology 

f  Argicultural  Research  Service 


Licensing 
Opportunities 


U.S.  Department  of  Agriculture 


Drying  Nematodes  For  Shipping 


Tiny,  transparent  worms  known  as 
beneficial  nematodes  can  force  their  way 
inside  a  destructive  beetle,  borer,  gnat, 
grub,  weevil,  fruit  fly,  or  rootworm  and 
stop  it  dead. 

It  takes  them  less  than  3  days  to  kill 
many  of  these  enemies  of  home,  garden, 
or  farm. 

Now  there's  a  new,  convenient,  and 
comparatively  inexpensive  way  to  move 
hundreds  of  millions  of  the  helpful 
worms  from  the  laboratory  vats  or  vials 
in  which  they  are  reared  to  the  back- 
yards, fields,  and  orchards  where  they're 
needed,  says  ARS  entomologist  James  E. 
Lindegren  at  Fresno,  California. 

One  of  the  biggest  obstacles  blocking 
widespread  use  of  nematodes  as  biologi- 
cal pest  controls  has  been  the  complica- 
tions in  shipping  them  from  one  place  to 
another. 

"You  have  to  make  sure  they're  in  the 
proper  stage  of  their  life  cycle,  and  that 
they  have  the  oxygen  and  moisture  they 
need  to  stay  alive,"  he  explains. 

Lindegren  and  researchers  at  Biosys, 
a  biotechnology  company  in  California, 
have  shown  that  nematodes  can  be  dried 
out — harmlessly — by  osmotic  desicca- 
tion. "They're  still  alive  but  dormant," 
he  says,  and  they  can  be  revived  any 
time  up  to  30  days  later  by  simply 
adding  water." 

Osmotic  desiccation  may  be  the 
quickest  and  most  convenient  way  to 
handle  the  large  numbers  of  nematodes 
required  for  pest  control.  For  example, 
experiments  by  Lindegren  and  others 
show  that  225  to  500  million  nematodes 
per  acre  are  needed  to  reduce  navel 
orangeworm  populations  in  almond 
orchards. 

Nematodes  are  dried  by  dunking  them 
in  an  osmolytic  solution,  that  is,  a 


up  again.  When  they  start  moving 
around,  the  nematodes  are  ready  to  be 
sprayed  onto  plant,  tree,  or  soil. 

"In  looking  back  on  our  research,  we 
realized  that  we'd  inadvertently  dupli- 
cated what  we  think  happens  in  the 
nature,"  says  Lindegren.  Nematodes, 
when  not  inside  an  insect  host,  live  in 
the  thin  film  of  water  that  surrounds  soil 
particles.  "When  the  soil  starts  to  dry 
out,  the  concentration  of  osmotic 
compounds  such  as  salts  in  the  film 
increases,  pulling  water  out  of  the 
worms  and  into  the  film.  When  moisture 
gets  back  into  the  soil,  through  irrigation 
or  rain,  the  process  is  reversed — the  high 
concentration  of  osmotic  compounds 
inside  the  nematode's  body  pulls  in 
water  from  the  soil  and  the  worm 
revives." 

Beneficial  nematodes  push  into  the 
larval  or  worm  like  stage  of  pests  through 
openings  such  as  mouth,  breathing  tubes, 

or  anus.  Once  inside,  the  nematodes 
excrete  a  unique  bacteria  that  kills  the 
host,  serves  as  food  for  the  nematodes, 
and  produces  antibiotics  that  keep  other 
bacteria  at  bay.  Inside  this  snug  and 
comfortable  shelter,  the  nematodes  feed 
and  quickly  develop  into  adults  that 
mate  and  lay  eggs.  In  subsequent 
generations,  overcrowding  occurs  as 
more  young  nematodes  hatch  from  these 
eggs.  Their  shelter  literally  bursts  at  its 
seams  ejecting  the  lively  offspring  into 
the  soil. 


For  technical  information,  contact 
James  E.  Lindegren,  USDA-ARS 
Horticultural  Crops  Research  Labora- 
tory, 2021  South  Peach  Avenue,  Fresno, 
CA  93727  (209)453-3000.  Patent 
Application  Serial  No.  07/034,883, 
"Storage  and  Shipment  of  Osmotically 
Desiccated  Entomogenous  Nematodes." 


For  Additional  Information: 

Inquiries  concerning  rights  for  commercial  use  of  this 
invention  should  be  addressed  to 

Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal  Technology 
Room  304,  NTIS 
Springfield,  VA  22161 
(703)  487-4738 
Refer  to  Patent  Application  07/034,883/TN 
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Supercritical  Extraction  Removes  Pesticides  from 
Meat 


Gases,  heated  and  pressurized  to  act  like  liquids,  can  remove  pesticides  and 
antibiotics  from  lab  samples  of  animal  fat  and  tissue  more  safely  and 
efficiently  than  processes  using  chemical  solvents. 

It's  an  experimental  new  application  of  a  technology  called  supercritical 
extraction.     USDA  is  considering  using  this  technology  in  its  testing  for 
chemical  residues  in  meats,  including  imports. 

Supercritical  fluids  are  gases,  such  as  carbon  dioxide  and  nitrous  oxide, 
heated  and  compressed  to  densities  that  resemble — but  never  actually 
become — liquids.     Instead,  the  gases  are  held  in  an  intermediate  state 
between  liquid  and  gas. 

The  food  industry  has  used  the  technique  for  several  years  to  decaffeinate 
coffee,  extract  hops  for  flavoring  beer  and  refine  spices.     Now  scientists 
are  exploring  its  use  for  removing  chemicals  found  in  fat  in  meats  and 
meat  by-products. 

In  lab  experiments  on  lard  samples  spiked  with  lindane,  endrin,  heptachlor, 
TDE  and  dieldrin,  supercritical  extraction  took  out  nearly  100  percent  of 
the  pesticides. 

This  method  is  for  analytical  purposes,  such  as  measuring  the  amount  of 
pesticide  in  animal  fat  tissue.     But  it  could  someday  end  the  use  of  harm- 
ful chemical  solvents  used  in  laboratory  extraction.     It  would  eliminate 
the  problem  of  solvent  waste  disposal  and  be  safer  for  technicians  who 
routinely  perform  such  extractions  on  a  daily  basis. 

Contained  in  a  heavy  steel  tube,  supercritical  fluids  will  flow  through  a 
meat  product  to  dissolve  fat  and  chemicals  in  the  fat.     Then  the  gas  is 
decompressed  and  harmlessly  vented  to  the  atmosphere,  leaving  the 
extracted  product  behind. 

Another  advantage  to  supercritical  extraction  is  its  capacity  to  remove 
small  amounts  of  fat.     Tests  showed  that  this  process  can  handle  very 
low  fat-containing  meats  where  other  methods  using  chemical  solvents 
have  been  ineffective. 

FOR  ADDITIONAL  INFORMATION:    To  discuss  this  effort  further,  contact 
Jerry  King,  Chemist,  Northern  Regional  Research  Center,  Agricultural 
Research  Service,  USDA,  Peoria,  IL  61604;  (309)  685-4011. 
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Food-Growing,  Air-  and  Water-Cleaning  Module 

An  apparatus  produces  fresh  vegetables  and  removes  pollutants  from  the  air. 


A  hydroponic  apparatus  performs  the 
dual  function  of  growing  fresh  vegetables 
and  purifying  air  and  water.  The  system 
was  developed  for  the  production  of  salad 
vegetables  in  microgravity  during  long 
Space  Shuttle  missions  and  for  experimen- 
tation with  the  recycling  of  air  and  water. 
The  concept  may  be  adaptable  to  the  pro- 
duction of  food  and  the  cleaning  of  air  and 
water  in  such  closed  environments  as 
those  in  underwater  research  stations  and 
submarines. 

The  apparatus  is  housed  in  a  shell  de- 
signed to  fit  in  a  locker  (see  figure).  Fluores- 
may  be  passive,  depending  entirely  on  the 
capillary  properties  of  the  growth  medium. 
A  control  module  contains  electronic  cir- 
cuitry that  regulates  the  lighting  cycle,  the 
aeration  of  roots,  and  the  supplies  of  water 
and  nutrients. 

Many  variations  of  the  system  are  possi- 
ble. For  example,  it  can  be  modified  to  ac- 
commodate such  tall  plants  as  dwarf  to- 
mato or  bell  pepper  instead  of  such  short 
ones  as  lettuce.  In  this  case,  the  growth 
medium  would  occupy  only  one  wall  of  the 
shell  instead  of  two  walls.  The  lamp  tubes 
would  be  placed  on  the  opposite  wall  in- 
stead of  in  the  center.  In  another  variation, 
the  growth  medium  would  be  plastic  foam 
incorporating  ion-exchange  resin  beads  as 
the  supply  of  nutrients. 

This  work  was  done  by  R.  L  Sauer  of 
Johnson  Space  Center  and  H.  W.  Scheld 
and  J.  W.  Magnuson  of  PhytoResource  Re- 
search, Inc. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Johnson 
Space  Center  Refer  to  MSC-21301/TN 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)433-4871 


cent  lamp  tubes  provide  light.  Fans  circu- 
late air  from  the  cabin  through  the  shell; 
besides  providing  one  of  the  ingredients  for 
photosynthesis,  the  flowing  air  cools  the 
lamps.  The  vegetable  leaves  remove  car- 
bon dioxide  from  the  air  as  they  photosyn- 
thesize  carbohydrates. 

The  walls  of  the  shell  hold  a  soillike 
growth  medium,  a  granular  calcined  clay 
with  particles  ranging  in  size  from  1  to 
2  mm.  The  medium  supports  the  plant 
roots;  holds  water,  nutrients,  and  useful 
microbes;  and  allows  the  exchange  of  ions. 

An  aeration  subsystem  draws  air 


through  the  growth  medium  and  roots.  It 
serves  to  remove  excess  water  in  the  capil- 
laries of  the  medium,  bring  fresh  oxygen 
into  the  root  zone,  and  bring  organic 
pollutants  into  contact  with  micro-orga- 
nisms that  feed  on  them. 

An  "on-demand"  watering  subsystem 
supplies  water  and  nutrients  in  quantities 
just  sufficient  for  the  needs  of  the  roots.  It 
fills  the  small  capillaries  adjacent  to  the 
roots  but  leaves  the  large  capillaries  clear 
for  the  movement  of  air.  The  subsystem 
may  be  active,  employing  moisture  sen- 
sors, feedback  circuits,  and  pumps;  or  it 
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Leafy  Vegetables  rooted  in  a  granular  growth  medium  grow  in  the  light  of  fluorescent  lamps. 
Air  flowing  over  the  leaves  supplies  them  with  carbon  dioxide  and  receives  fresh  oxygen 
from  them. 
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The  BITNET  Network 

An  Aid  To  Research 


In  the  current  research  environment,  communication  between  research 
workers  who  are  located  at  sites  that  are  widely  separated  geographically 
has  become  an  important  factor  in  the  conduct  of  investigation  and  the 
preparation  of  papers. 

The  BITNET  network  offers  such  a  service.     It  is  an  international  electronic 
network  of  more  than  2,100  computer  systems  (each  known  as  a  node  and 
identified  by  a  node  name)  that  links  more  than  700  research  centers  and 
institutions  of  higher  learning,  including  many  important  medical  research 
facilities  around  the  world. 

All  50  states,  the  District  of  Columbia,  and  Puerto  Rico  are  connected  to 
the  network.     Internationally,  the  network  now  links  29  countries  on  five 
continents.     They  include  Austria,  Belgium,  Brazil,  Canada,  Chile,  Denmark, 
Finland,  France,  Great  Britain,  Greece,  Iceland,  Ireland,  Israel,  Italy,  Ivory 
Coast,  Japan,  Korea,  Luxembourg,  Mexico,  the  Netherlands,  Norway,  Por- 
tugal, Singapore,  Spain,  Sweden,  Switzerland,  Taiwan,  Turkey,  and  West 
Germany. 

Anyone  with  a  modem  and  a  personal  computer  (PC)  or  terminal  can 
access  the  BITNET  network.     Registered  NIH  Computer  Utility  users  can 
communicate  with  and  receive  communications  from  users  at  any  other 
node  on  the  worldwide  BITNET  network. 

The  BITNET  network  provides  facilities  for  communication  via  electronic 
mail,  transfer  of  large  files,  "mailing  lists"  for  special  interest  groups, 
interactive  messaging  between  individual  users,  and  interactive  group 
discussions  by  means  of  relays.     These  features  of  the  BITNET  network 
are  potentially  invaluable  tools  for  researchers. 

Every  BITNET  installation  has  a  facility  for  handling  mail  and  file  transfer. 
The  ENTER  MAIL  facility  at  NIH  is  the  state-of-the-art  mail  management 
system  recently  brought  on  line  by  the  Computer  Utility.     The  facility  is 
able  to  deal  readily  with  every  aspect  of  electronic  mail. 


BITNET  permits  the  transfer  of  mail  or  files  to  any  node  on  its  worldwide 
network,  thus  greatly  facilitating  collaboration  among  coauthors  of  research 
papers.     This  is  one  of  the  most  valuable  features  of  the  BITNET  network, 
representing  a  leap  forward  for  collaboration  in  publishing  scholarly  papers. 
It  is  quite  possible  for  a  group  of  authors  collaborating  on  a  paper  to  take 
it  from  rough  draft  to  final  revision  in  less  time  than  once  would  have  been 
required  for  the  first  revision  using  conventional  mail  services. 

Another  valuable  feature  of  the  BITNET  network  is  the  so-called  "mailing 
list."     Users  can  subscribe  to  one  or  more  lists  in  which  they  have  an 
interest.     Each  list  is  maintained  by  a  list  coordinator  located  at  a  parti- 
cular BITNET  node. 

BITNET  relays  facilitate  online  interactive  conversations  among  numbers 
of  individuals  at  widely  separated  locations.     Such  linkups  function  as 
networks  within  the  network  and  provide  an  immediacy  of  contact  formerly 
only  available  in  conference  telephone  calls,  in  which  the  number  of  parti- 
cipants was  limited  by  the  nature  of  the  system  being  used.     BITNET  relays 
are  free  from  such  restrictions.     Furthermore,  relays  have  multiple  channels 

available,  and  each  channel  can  be  "dedicated"  to  a  particular  subject.    In 
some  cases  the  entire  relay  network  is  dedicated  in  this  fashion.     Relays 
are  only  active  at  certain  times  of  the  day  and  each  informs  the  inquiring 
user  of  its  "on  air"  schedule. 

Setting  up  international  conferences  is  another  area  in  which  the  network 
is  proving  to  be  invaluable.     By  using  the  interactive  messaging  and  mail 
facilities  of  BITNET,  the  network  can  be  a  valuable  adjunct  in  every  phase 
of  planning  and  conducting  large  international  conferences.     From  the 
initial  call  for  papers,  through  scheduling  speakers  and  poster  sessions,  to 
reserving  accommodations  for  conference  attendees,  the  features  of  the 
network  provide  the  needed  help. 

Other  features  and  applications  of  BITNET  can  be  found  in  the  manual  and 
in  public  data  sets  stored  at  the  Computer  Center. 

FOR  ADDITIONAL  INFORMATION:    To  locate  information  or  professional 
contacts  on  this  effort,  contact:    Research  Resources  Information  Center, 
1601   Research  Blvd.,  Rockville,  MD  20850;  (301)  984-2870.     Refer  to 
Volume  XII,  No.  08/TN. 
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Fault-Tolerant  Local-Area  Network 

A  concept  offers  monitoring  and  control  features  as  well  as  high  reliability. 


A  proposed  redundant  local-area  net- 
work (LAN)  for  computers  would  prevent  a 
single-point  failure  from  interrupting  com- 
munication between  nodes  of  the  network. 
The  network  would  monitor  and  control  it- 
self, automatically  route  traffic  for  the  effi- 
cient use  of  resources,  and  isolate  and  cor- 
rect its  own  faults,  with  a  potential  dramatic 
reduction  in  time  out  of  service. 

The  network  would  include  two  com- 
plete cables,  LAN  1  and  LAN  2  (see  figure). 
Microprocessor-based  slave  switches 


would  link  the  cables  to  such  network-node 
devices  as  work  stations,  print  servers,  and 
file  servers.  The  slave  switches  would  re- 
spond to  commands  from  a  master  switch, 
connecting  their  nodes  to  either  of  the  two 
cable  networks  or  disconnecting  them  so 
that  they  are  completely  isolated.  The 
system  monitor  and  control  computer 
(SMC)  would  act  as  a  gateway,  allowing 
nodes  on  either  cable  to  communicate 
with  each  other  and  ensuring  that  LAN  1 
and  LAN  2  are  fully  used  when  both  are 


functioning  properly. 

The  SMC  would  poll  each  node  for  a 
status  word.  If  a  node  device  responded, 
the  SMC  would  go  to  the  next  node.  If  the 
polled  machine  did  not  respond,  the  SMC 
would  switch  it  to  the  other  LAN  and  poll  it 
again.  If  the  machine  were  still  silent,  the 
SMC  would  verify  that  the  LAN  switching 
mechanism  still  worked  by  switching 
another  machine,  known  to  be  healthy,  to 
the  other  LAN  and  polling  it. 

If  switching  were  verified,  the  SMC 
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EXAMPLE  CONFIGURATION 


Redundant  Local-Area  Networks,  LAN  1  and  LAN  2,  provide  alternative  paths  for  communication  between  nodes.  Because  the  system  uses 
an  error-correcting  protocol  (such  as  TCP/IP),  no  data  are  lost  during  switching. 


would  conclude  that  the  machine  in  ques- 
tion had  failed.  The  SMC  would  isolate  the 
machine  by  putting  its  slave  switch  in 
neutral.  The  SMC  would  display  a  warning 
message  for  the  system  operator. 

If  the  SMC  concluded  that  the  slave 
switch  did  not  work,  it  would  display  a 
warning  of  this  condition.  The  operator 
could  then  use  an  override  switch  to  con- 
nect the  node  manually  to  a  LAN. 

If,  after  switching  several  nodes,  the 
SMC  found  that  none  of  the  nodes  were 
working,  it  would  conclude  that  the  master 


switch  was  not  functioning  properly  and 
alert  the  operator.  Meanwhile,  the  network 
would  continue  to  function. 

Failures  of  the  network  or  of  switching 
devices  would  not  be  catastrophic.  Unaf- 
fected nodes  would  still  be  able  to  com- 
municate. At  all  times,  the  SMC  would  gra- 
phically depict  the  current  LAN  configura- 
tion by  showing  what  machine  is  on  what 
LAN  on  the  operator's  console.  It  would 
also  display  throughput  statistics  for  both 
networks. 

777/s  work  was  done  by  Sergio  Morales 


and  Gary  L  Friedman  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 


This  invention  is  owned  by  NASA,  and  a < 
patent  application  has  been  filed.  InquineA 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-16949/TN 

Jet  Propulsion  Lab. 
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Simulation  of  Satellite  Imagery  From  Aerial  Imagery 

High-resolution-image  data 
are  convolved  with  a  point- 
spread  function. 

A  report  describes  the  use  of  higher-res- 
olution-image data  from  aerial  photo- 
graphs or  electronic  scans  of  the  ground  to 
simulate  the  lower  resolution  images  that 
would  be  obtained  if  the  same  area  of  the 
ground  were  viewed  from  an  imaging  sys- 
tem in  orbit.  The  simulation  technique  is 
helpful  in  the  analysis  of  data  received 
from  operating  satellites  and  in  the  design 
of  future  satellite-borne  imaging  systems. 

To  simplify  the  calculations,  the  aerial 
image  was  treated  as  though  it  were  not 
blurred,  and  all  of  the  blurring  was  attribut- 
ed to  the  low-resolution  satellite  imaging 
system.  The  point-spread  (blurring)  func- 
tion of  the  low-resolution  system  was  as- 
sumed to  be  a  Gaussian  function  of  two 
width  parameters:  one  for  the  direction 
along  the  ground  track  (across  the  scan) 
and  one  across  the  ground  track  (along  the 
scan)  of  the  satellite. 

The  modulation  transfer  function  (MTF) 
of  the  satellite  imaging  system  was  ob- 
tained from  Fourier  analysis  of  satellite  im- 
agery. Linear  regressions  were  used  to  fit 
Gaussian  curves  to  published  plots  of  the 
logarithm  of  the  MTF  to  the  squares  of  the 
along-track  and  across-track  spatial  fre- 
quencies. The  point-spread  function  was 
then  computed  as  the  inverse  Fourier 
transforms  of  the  fitted  Gaussian  curves  in 


the  spatial-frequency  domain.  For  the  Mul- 
tispectral-Scanner  (MSS)  satellite  data 
used,  the  Gaussian  width  parameters  cor- 
responded to  half-maximum  half  widths  of 
36.1  m  across  the  track  and  40.1  m  along 
the  track:  these  seem  reasonable  in  consi- 
deration of  the  79-m  field  of  view  of  the 
MSS. 

The  spatially-continuous  Gaussian  func- 
tion was  converted  to  a  picture-element- 
weighting  function  having  the  same  width 
parameters.  The  Gaussian  filter  was  ap- 
plied over  a  rectangular  area  large  enough 
to  contain  all  weights  of  maximum  (center) 
value  of  0.10  or  greater;  in  this  case,  7-by-7 
picture  elements.  The  normalizing  con- 
stant was  then  recalculated  for  the  rec- 
tangular area  by  taking  the  inverse  of  the 
sum  of  the  Gaussian  filter  weights  of  all  the 
picture  elements  in  the  rectangle. 

The  aerial  images  were  taken  in  an  air- 
plane at  an  altitude  of  65,000  ft  (19.8  km), 
with  an  instrument  having  a  25-m  instan- 
taneous field  of  view  and  picture-element 
spacings  of  17  m  across  the  track  and 
22  m  along  the  track.  The  data  from  these 
images  were  convolved  with  the  Gaussian 
filter.  The  image  was  then  resampled, 
using  nearest-neighbor  gray  levels,  to  ob- 
tain picture  elements  of  57  m  by  57  m,  cor- 
responding to  those  of  the  MSS. 

In  comparison  with  real  MSS  images  of 
the  same  area,  the  simulated  images 
seemed  to  have  about  the  same  resolu- 
tion, but  were  slightly  fuzzier  because  of 


the  failure  to  account  for  the  point-spread 
function  of  the  aerial  imaging  system.  The 
simulated  images  contained  less  noise 
than  did  the  real  images:  noise  could  have 
been  added,  but  was  omitted  because  the 
noise  characteristics  of  the  two  imaging 
systems  are  not  well  known. 

This  work  was  done  by  Christine  A. 
Hlavka  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-86832  [N86-20934/NSP],  "Simulation 
of  Landsat  Multispectral  Scanner  Spatial 
Resolution  with  Airborne  Scanner  Data. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A02] 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
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Ames  Research  Center. 
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Archival-System 
Computer  Program 

Files  are  stored  with 
various  degrees  of 
relative  permanence. 

The  function  of  the  ARCHIVE  system 
computer  program  is  to  provide  a  perma- 
nent storage  area  for  files  to  which  infre- 
quent access  is  required.  The  ARCHIVE 
routines  were  designed  to  provide  a  simple 
mechanism  by  which  users  can  easily 
store  and  retrieve  files.  The  user  treats  AR- 
CH I VE  as  the  interface  to  a  "black  box" 
where  files  are  stored.  There  are  only  five 
ARCHIVE  user  commands,  even  though 
ARCHIVE  employs  standard  VMS  direc- 
tives and  the  VAX  BACKUP  utility  program. 
Special  care  is  taken  to  provide  the  securi- 
ty needed  to  insure  the  integrity  of  files  over 
a  period  of  years. 

The  archived  files  can  exist  in  any  of 
three  storage  areas:  a  temporary  buffer, 
the  main  buffer,  and  a  magnetic-tape  li- 
brary. When  the  main  buffer  fills  up,  its  con- 
tents are  transferred  to  permanent  storage 
on  magnetic  tape  and  deleted  from  disk. 


Files  can  be  restored  from  any  of  the  three 
storage  areas.  A  single  file,  multiple  files,  or 
entire  directories  can  be  stored  and  re- 
trieved. Archived  entities  hold  the  same 
names,  extensions,  version  numbers,  and 
VMS  file-protection  scheme  as  they  had  in 
the  user's  account  prior  to  archival. 

ARCHIVE  is  capable  of  handling  up  to 
seven  directory  levels.  Wild  cards  are  sup- 
ported. User  commands  include  TEMP- 
COPY,  DISKCOPY,  DELETE,  RESTORE, 
and  DIRECTORY.  The  DIRECTORY  com- 
mand searches  a  directory  of  save  sets 
covering  all  three  archival  areas,  listing 
matches  according  to  area,  date,  file 
name,  or  other  criteria  supplied  by  the  user. 

The  system-manager  commands  in- 
clude (1 )  ARCHIVE  —  to  transfer  the  main 
buffer  to  duplicate  magnetic  tapes,  (2)  RE- 
PORT —  to  determine  when  the  main  buf- 
fer is  full  enough  to  archive,  (3)  INCRE- 


MENT —  to  back  up  the  partially-filled 
main  buffer,  and  (4)  FULLBACKUP  —  to 
back  up  the  entire  main  buffer.  Online  help 
files  are  provided  for  all  ARCHIVE  com- 
mands. 

ARCHIVE  is  written  in  DEC  VAX  DCL  for 
interactive  execution  and  has  been  imple- 
mented on  a  DEC  VAX  computer  operating 
under  VMS  4.X.  The  program  was  devel- 
oped in  1985. 

This  program  was  written  by  Peter  Scott 
and  Samuel  CarvajalofCaltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17129  /TN 
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Semi-Markov  Unreliability-Range  Evaluator 


Reconfigurable,  fault-tolerant 
systems  are  modeled. 

The  semi-Markov  unreliability-range 
evaluator  (SURE)  computer  program  is  a 
software  tool  for  the  analysis  of  reliability  of 
reconfigurable,  fault-tolerant  systems.  The 
SURE  program  is  based  on  a  new  method 
for  computing  the  death-state  probabilities 
of  a  semi-Markov  model.  Two  features  of  a 
fault-tolerant  system  have  traditionally 
made  this  task  difficult:  First,  the  use  of  so- 
phisticated digital  processors  has  led  to 
complex  reconfiguration  strategies  that  re- 
sult in  large,  complex  models.  Second,  the 
recovery  is  many  orders  of  magnitude  fast- 
er than  the  fault-arrival  process.  This  caus- 
es rapid  growth  in  the  error  terms  in  nu- 
merical-integration algorithms. 

The  new  mathematical  theorem  on 
which  SURE  is  based  provides  a  solution  to 
both  of  these  problems  for  systems  with 
slow  fault-arrival  processes  and  fast  sys- 


tem recovery  (i.e.,  good  fault-tolerant  sys- 
tems). Previous  reliability-analysis  software 
tools  were  applicable  to  only  certain  types 
of  fault-tolerant  systems. 

The  SURE  program  computes  accurate 
upper  and  lower  bounds  on  the  probability 
of  failure  of  a  system.  The  bounds  are  alge- 
braic in  form  and  thus  are  efficiently  auto- 
mated in  the  program.  The  program  does 
not  assume  any  parametric  form  of  the 
process  of  recovery  of  a  fault-tolerant  sys- 
tem. The  SURE  user  defines  the  structure 
of  the  model  of  the  system  by  enumerating 
all  of  the  transitions  in  the  model.  The  user 
must  supply  the  mean  and  standard  devia- 
tion for  each  recovery  transition  and  the 
rate  of  failure  for  each  failure  transition. 

There  is  no  need  for  sophisticated  data- 
fitting  methods  because  means  and  stand- 
ard deviations  are  easily  obtained  from  ex- 
perimental data.  The  program  does  not 
assume  any  special  features  of  the  fault- 
tolerant  system  undergoing  analysis  (e.g., 


does  not  assume  that  the  rates  of  failure  of 
spares  are  the  same  as  those  of  active 
processors  or  that  spares  are  assigned  to 
a  particular  subsystem).  A  model-pruning 
technique  has  been  included  in  the  SURE 
program  to  facilitate  the  analysis  of  very 
large  models  that  otherwise  might  require 
excessive  computational  resources. 

SURE  is  written  in  PASCAL  for  interac- 
tive execution  and  has  been  implemented 
on  a  DEC  VAX  computer  operating  under 
VMS  4.1.  Version  5.2  of  SURE  was  released 
in  1987. 

This  program  was  written  by  Ricky  W. 
Butler  of  Langley  Research  Center. 
LAR-13789KN 
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Amplifier  Manufacturing 


Two  Manufacturing  Technology  (MT)  Projects 
were  recently  completed  that  significantly 
reduce  the  cost  and  improve  the  quality  of 
crossed  field  amplifiers  (CFA).  Design 
changes  reduced  the  size,  weight  and  com- 
plexity of  the  CFA  and  permitted  a  portion 
of  the  electronics  in  the  associated  radar 
to  be  eliminated.  Inherent  in  this  new 
design  were  very  costly,  precise  manufac- 
turing processes,  extremely  fine  adjust- 
ments and  extensive  testing.  These  Man- 
Tech  programs  were  established  to  develop 
the  needed  technology. 

Precision  tooling,  jigs  and  assembly  pro- 
cedures were  developed  to  control  the  in- 
tricate fabrication  and  assembly  process- 
es. A  special  multiple  rotary  support 
system,  developed  for  use  in  the  process 
to  sputter-deposit  coatings  on  the  cathode 


interface,  reduced  the  cathode  coating 
cost  by  85%.  Automated  test  and  control 
methods  enhanced  the  evaluation  testing 
and  adjustment  of  the  cathode/anode  rf 
circuit  interrelationships.  The  light- 
weight assembly  magnets  in  the  tubes 
reduced  the  CFA  weight  from  28  to  21 
pounds. 

Combined  accomplishments  of  these  two  MT 
projects  will  result  in  reducing  produc- 
tion costs  by  over  $5  million  during  the 
first  five  years  of  production. 


Naval  Ocean  Systems  Center 

Attn:  Mr.  Richard  Gamble  (Code  9302) 

San  Diego,  CA  92152-5000 

(619)  225-6457 


U.S.  Air  Force 

Reliability  Analysis  Center  (RAC) 

Rome  Air  Development  Center,  Griffiss  Air  Force  Base,  NY  13441 
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Surface  Mount  Technology:  A  Reliability  Review 
SOAR-5 


Trends  in  the  semiconductor  industry  indicate  that  surface  mount 
technology  is  becoming  very  prevalent.     While  there  are  many  advan- 
tages to  this  technology  in  terms  of  circuit  density,  performance 
and  cost,  there  are  certain  reliability  parameters  that  are  adversely 
effected. 

SOAR-5  examines  the  status  of  Surface  Mount  Technology  (SMT)  in 
today's  manufacturing  environment  and  assesses  factors  affecting 
its  reliability.    It  also  contains  investigations  of  SMT's  impact  on 
the  user  community,  both  in  terms  of  resources  and  cost. 

This  document  highlights  the  specific  failure  mechanisms  of  surface 
mount  packages,  solder  joint  connections  and  printed  wiring  boards. 
It  also  contains  failure  rate  data  on  surface  mount  integrated  cir- 
cuits. 

Also  provided  in  this  document  are  design  oriented  SMT  failure  rate 
models,  allowing  equipment  designers  to  study  and  evaluate  the 
implications  of  SMT  use. 

FOR  ADDITIONAL  INFORMATION:    Contact,  Kieron  Dey,  Reliability 
Analysis  Center,  PO  Box  4700,  Rome,  NY  13440-8200;  (315)  330-4151. 
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Designing  Estimator/Predictor  Digital  Phase-Locked  Loops 

Signal  delays  in  the  equipment  are  compensated  automatically. 


A  new  approach  to  the  design  of  a  digital 
phase-locked  loop  (DPLL)  incorporates 
concepts  from  estimation  theory  and  in- 
volves the  decomposition  of  the  closed- 
loop  transfer  function  into  an  estimator  and 
a  predictor.  The  estimator  provides  recur- 
sive estimates  of  the  phase,  frequency, 
and  higher  order  derivatives  of  phase  with 
respect  to  time,  while  the  predictor  com- 
pensates for  the  delay,  called  "transport 
lag,"  caused  by  the  PLL  equipment  and  by 
the  DPLL  computations.  The  previous  ap- 
proach to  design  was  based  on  the  trial- 
and-error  placement  of  open-loop  poles 
and  zeros  under  the  guidance  of  experi- 
ence with  similar  designs,  and  did  not  ac- 
count for  the  transport  lag.  The  new  ap- 
proach, using  techniques  from  suboptimal 
and  optimal  estimation  theory,  provides  a 
systematic  design  procedure. 

The  basic  pu  rpose  of  a  DPL  L  is  to  gener- 
ate a  signal,  with  phase  0(z),  that  approxi- 
mates the  phase  d(z)  of  a  received  signal.  If 
there  were  no  transport  lag,  then  from  the 
perspective  of  linear  estimation  theory,  this 


problem  would  have  a  straightforward  so- 
lution. First,  a  linear  state  model  for  0(z)and 
a  corresponding  measurement  model 
would  be  defined.  Next,  statistical  models 
for  state  (or  process)  noise  and  measure- 
ment noise  would  be  developed.  Finally, 
some  type  of  optimal  estimator  (for  exam- 
ple, a  recursive  least-squares  estimator) 
would  be  selected. 

In  the  new  design  procedure,  the  effect 
of  the  transport  lag  is  compensated  by  a 
predictor  that  extrapolates  the  state  esti- 
mate by  an  appropriate  time  interval.  Using 
the  z-transform  representation,  the  closed- 
loop  DPLL  transfer  function  has  the  form: 

H(z)  =  D(z)C{z)z~N 
where  H(z)  is  the  closed-loop  DPLL  trans- 
fer function,  D(z)  is  the  predictor  transfer 
function,  Qz)  is  the  estimator  transfer  func- 
tion, and  N  is  the  DPLL  transport  lag  in 
units  of  the  loop  update  interval,  T. 

The  figure  illustrates  the  conceptual 
development  of  a  DPLL  that  functions  as 
described  by  the  equation.  In  the  third  con- 
ceptual stage,  the  estimator/predictor/ 


delay  combination  is  replaced  by  actual 
components:  a  numerically  controlled  os- 
cillator (NCO)  of  transfer  function  Q(z),  and 
a  digital  filter  of  transfer  function  S(z)  that 
satisfies 

S(z)  =  [D(z)C(z)IO(z)]z-N 

The  fourth  conceptual  stage  shown  in 
the  figure  is  based  on  considerations  of 
practical  equipment.  Phase-detection 
functions  and  the  physical  execution  of  the 
functions  of  the  NCO  are  performed  by 
custom  circuitry,  while  the  summing  junc- 
tion, S(z),  and  the  software  functions  of  the 
NCO  are  excuted  in  a  computer.  Both  the 
"hardware  NCO"  and  the  "software  NCO" 
have  identical  mathematical  representa- 
tions, as  the  latter  simulates  the  operation 
of  the  former. 

The  previous  design  procedure  and  the 
new  concepts  are  melded  into  a  new  five- 
step  design  procedure  that  resembles  the 
old  procedure  in  parts.  The  first  step  is  to 
select  a  model  for  the  received  phase 
process.  This  model  can  include  the  proc- 
ess dynamics  and  statistics  on  process 
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DPLL  HARDWARE  AND  SOFTWARE 


The  DPLL  Structure  evolves  conceptually  from  the  traditional  model  of  the  PLL  to  a  practical  hardware/software  model  that  Incorporates  the 
estimator  and  predictor  functions. 
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noises  and  measurements  noise. 

The  second  step  is  to  develop  the  math- 
ematical model  of  the  equipment;  that  is,  of 
the  NCO,  transport  lag,  and  phase  detec- 
tor. The  transport  lag  can  be  incorporated 
as  part  of  Q(z). 

The  third  step  is  the  selection  of  an  esti- 
mator, based  on  the  model  of  the  received 
phase  and  on  the  covariance  matrices  of 
the  process  and  measurement  noises. 
Possible  realizations  of  the  estimator  in- 
clude some  variations  of  Kalman  filters  or 
other  least-squares  estimators. 

The  fourth  step  is  the  determination  of  a 


predictor  to  compensate  for  the  transport 
lag.  The  last  step  is  to  assure  that  the  loop 
is  stable. 

This  work  was  done  by  J.  I.  Statman  and 
W.  J.  Hurd  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  Invention  Is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  Its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Offlce-JPL 
Refer  to  NPO-17196./TN 


J«t  Propulsion  Lab. 
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Technology  Utilization 
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Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-2240 
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Diffraction-Coupled,  Phase-Locked  Semiconductor  Laser  Array 

A  stable,  narrow  far  field  is  produced. 


A  monolithic  array  of  AIGaAs/GaAs 
semiconductor  injection  lasers  emits  a  far- 
field  beam  much  narrower  than  that  of  a 
single  laser  of  the  same  type.  Such  as  ar- 
ray would  be  useful  where  relatively  high 
power  and  a  stable  radiation  pattern  are  re- 
quired. Applications  may  include  record- 
ing, printing,  and  range  finding. 

The  lasers  are  fabricated  together  on 
one  substrate  but  are  isolated  from  each 
other  along  the  middle  portions  of  their 
waveguide  lengths  (see  Figure  1).  They  in- 
teract with  each  other  only  by  diffraction  in 
the  end  portions  near  the  laser  mirrors: 
Light  in  any  one  of  the  waveguide  sections 
is  reflected  back  and  forth  in  that  section, 
but  part  of  the  light  is  also  reflected  and  dif- 
fracted into  the  other  waveguide  sections. 
This  diffraction  coupling  is  sufficient  to  pro- 
duce phase  locking.  Phase  locking  is  evi- 
dent not  only  by  the  narrowing  of  the  out- 
put beam  but  also  by  the  fact  that  the 
coupled  lasers  produce  identical  spectra. 

The  shape  of  the  radiation  field  far  from 
the  array  is  determined  by  the  phase  of 
each  individual  laser  field  and  of  the  field 
coupled  to  each  laser  from  its  neighbors. 
When  all  of  the  lasers  operate  at  the  same 
phase,  the  resulting  far-field  pattern  has  a 
single  sharp  lobe  (see  Figure  2).  Multiple 
sharp  lobes  and  broadening  of  the  beam 
occur  when  one  or  more  of  the  lasers  differ 
in  phase  from  the  others.  In  either  case,  the 
radiation  pattern  changes  little  as  the  out- 
put power  is  increased. 

Because  of  nonuniformities  introduced 
by  the  fabrication  process,  the  output 
beam  is  wider  than  it  would  be  if  all  lasers 
were  identical  and  operating  in  a  single 
mode.  Electrical  current  is  fed  to  all  lasers 
in  parallel,  but  not  all  lasers  operate  at  the 
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Figure  1.  An  Array  of  Lasers  is  fabricated  on  a  single  chip.  The  individual  laser  waveguides  are 
Isolated  from  each  other  except  in  the  end  portions,  where  diffraction  coupling  takes  place. 


same  level  above  the  threshold  current.  Ar- 
ray threshold  currents  are  as  low  as  250 
mA,  with  a  typical  value  of  400  mA.  This 
corresponds  to  threshold  current  densities 
between  1  and  1.5  kA/cm2. 
The  differential  quantum  efficiency  of 


the  array  is  40  percent.  The  light  output 
varies  linearly  with  current  above  the 
threshold  current.  A  peak  output  of  1.1  W 
was  obtained  under  pulsed,  low-duty-cycle 
conditions. 
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This  work  was  done  by  Joseph  Katz, 
Amnon  Yariv,  and  Shlomo  Margalit  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory. 
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Figure  2.  The  Radiation  Pattern  far  from  the  laser  array  has  a  single,  sharp  central  lobe  when 
all  the  lasers  operate  in  phase  with  each  other.  The  shape  of  the  lobe  does  not  vary  appreciably 
with  the  array  current.  (The  array  current  is  indicated  here  in  units  of  l,h,  the  threshold  array  cur- 
rent.)  1 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Matching  Network  for  Microwave  Preamplifier 

Stable  operation  and  broadband,  optimum  noise  performance  are  achieved. 


A  2,385-MHz  amplifier  stage  has  a  gain 
of  16.5  dB  and  a  noise  figure  of  16.5  dB. 
The  amplifier  is  designed  by  a  new  method 
of  matching  the  input  impedance  for  an  op- 
timum noise  figure  and  stability.  The  ampli- 
fier output  is  more  nearly  constant  over  a 
wider  frequency  range  than  that  of  prior, 
more  complicated  circuits. 

The  main  task  in  the  design  is  to  mini- 
mize the  portion  of  the  output  thermal 
noise  that  arises  in  the  signal-source  im- 
pedance. This  is  done  by  deliberately  mis- 
matching the  input  network  in  such  a  way 


as  to  minimize  the  transfer  of  noise  power 
at  the  input  and  output  ports. 

The  mismatch  diminishes  the  gain  and 
may  cause  instability.  To  compromise  be- 
tween the  gain  and  the  noise  figure,  con- 
stant-noise and  constant-gain  circles  for 
the  circuit  are  plotted  on  a  Smith  chart,  and 
the  source  impedance  that  satisfies  the 
noise  and  gain  requirements  is  picked. 

Practical  results  show  that  a  single-line 
input-matching  network  is  the  best  type  for 
achieving  an  optimum  noise  figure  and  un- 
conditional stability.  This  type  of  network 

L  =  91 


features  a  low  ratio  of  reactance  to  resist- 
ance (Q),  with  consequent  broadband  op- 
eration and  relative  insensitivity  of  tuning. 
In  the  prototype  of  the  2,385-MHz  amplifier 
stage,  the  input-matching  network  is  a  sus- 
pended-ribbon transmission  line  extending 
from  the  input  port  and  is  easily  tuned  in  a 
few  minutes  by  welding  gold-ribbon  exten- 
sions in  place  until  the  optimum  match  is 
achieved. 

It  was  found  experimentally  and  analyti- 
cally that  the  amplifier  stage  can  be  stabi- 
lized unconditionally  by  placing  a  10-Q  re- 
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NOTES: 

1.  Zq  denotes  characteristic  impedance  of 
transmission-line  section  In  ohms. 

2.  L  denotes  length  of  transmission  line 
section  in  mils. 

A  Two-Stage  Microwave  Amplifier  is  designed  according  to  input-matching  principles  that  assure  low  noise,  stability,  and  operation  over  a  wide 
frequency  range. 


sistor  at  the  input  and  either  an  isolator  at 
the  input  or  else  a  27-Q  shunt  resistor  at  the 
output.  In  a  two-stage  version  (see  figure) 
comprising  stages  designed  according  to 
these  principles,  unconditional  stability  is 


achieved  by  placing  a  shunt  resistor  at  the 
output  of  the  second  stage  and  an  isolator 
at  the  input  of  the  first  stage.  The  two-stage 
amplifier  has  a  gain  of  29  dB  and  a  noise 
figure  of  0.95  dB. 


This  work  was  done  by  Jack  D.  Sifri  of 
Hughes  Aircraft  Co.  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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Phase-Locked  Semiconductor  Lasers  With  Separate  Contacts 

Individual  current  feeds  enable  better  uniformity  and  flexible  control. 


A  phase-locked  semiconductor  laser  ar- 
ray with  a  separate  contact  to  each  laser 
has  been  demonstrated.  By  feeding  and 
controlling  the  current  to  each  device  sep- 
arately, it  is  possible  to  investigate  more  ful- 
ly the  mechanisms  of  phase  locking 
among  the  lasers.  Separate  control  ena- 
bles the  adjustment  of  the  near-  and  far- 
field  radiation  patterns  to  steer  the  beam  or 
to  compensate  for  nonuniformities  (e.g., 
threshold  current)  among  the  devices.  The 
concept  of  separate  current  control  was 
described  for  a  two-laser  array  in  "Semi- 
conductor Laser  Phased  Array"  (NPO- 
15963),  page  317,  NASA  Tech  Briefs,  Vol.  8, 
No.  3  (Spring  1984). 

An  eight-laser  array  is  shown  in  the 
figure.  Two-level  metalization  forms  the 
separate  contact  for  each  stripe-contact 
laser.  The  stripe  width  is  about  5  urn;  the 
center-to-center  spacing  between  adja- 
cent layers  is  9  urn. 

Fabrication  begins  with  the  liquid-phase 
epitaxial  growth  of  the  n+-GaAs  substrate. 
The  subsequent  layers  are  then  grown  in 
the  ascending  order  shown  in  the  figure.  A 
layer  of  CrAu  contact  stripes  is  then  depos- 
ited. The  spaces  between  the  stripes  are 
formed  by  proton  bombardment  or  chemi- 
cal etching.  Next,  a  layer  of  Si02  is  evapo- 
rated on,  and  contact  holes  are  etched 
through  it.  The  second  layer  of  CrAu  is  then 
applied,  and  the  contact  pattern  is  defined 
by  etching. 

The  typical  threshold  current  of  an  indi- 
vidual laser  is  50  mA.  When  only  one  laser 
in  the  array  is  operating,  the  far-field  beam 
width  is  about  8°.  With  four  lasers  opera- 
ting, the  beam  width  is  reduced  to  about  2°. 
The  extent  of  controllability  was  demon- 


p  +  -  GaAs 

H+  IMPLANTATION 

p  -  Alo.4Gao.6As 

n  —  AIq  4Gag  gAs 

n+  -GaAs  SUBSTRATE 


Separate  Contacts  for  the  lasers  in  the  array  enable  the  control  of  the  output  radiation  pattern 
and  the  compensation  of  manufacturing  nonuniformities  among  the  lasers. 


strated  in  an  experiment  in  which  adjacent 
lasers  were  made  to  operate  at  a  phase  dif- 
ference of  n  rad,  resulting  in  a  far  field  with 
two  main  lobes  7°  apart. 

This  work  was  done  by  Joseph  Katz, 
Amnon  Yariv,  and  Shlomo  Margalit  of  Cat- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act  [42  U.S.C  2457(f)], 
to  the  California  Institute  of  Technology.  In-  '■ 
quiries  concerning  licenses  for  its  com- 


mercial development  should  be  addressed 
to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-16254,/TN 
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Searching  Circuit  for  a  Servoloop 

The  feedback  error  voltage  is  forced  into  the  range  of  stability. 


A  searching  circuit  restores  stability  in  a 
servofeedback  control  loop  that  slips  into 
an  unstable  voltage  range  in  which  it  can- 
not lock.  The  circuit  is  connected  in  series 
with  the  error-voltage  line  of  the  feedback 
loop  (see  Figure  1).  When  the  loop  is  oper- 
ating normally  in  the  stable  region,  the 
searching  circuit  does  not  disturb  its  oper- 
ation, and  the  error-voltage  output  of  the 
loop  filter  is  the  control  voltage.  However, 
when  the  servo  unlocks  and  the  error-volt- 
age output  of  the  loop  filter  wanders  into  an 
unstable  range,  the  searching  circuit 
forces  the  control  voltage  to  sweep 
through  the  stable  region  repeatedly  until 
lock  is  recovered. 

The  searching  circuit  (see  Figure  2)  con- 
sists of  two  halves  that  are  identical  except 
that  the  polarities  of  some  parts  in  each 
half  are  the  opposites  of  those  of  the  cor- 
responding parts  in  the  other  half.  If  the 
searching  circuit  is  in  the  idle  state,  then 


V1  =   -VLand  V3  = 


+  VL.  If  the  input 


voltage  Ve  varies  but  remains  within  the 
stable  region,  -VL<  Ve<  +VL,  then  the 
searching  circuit  remains  in  the  idle  state, 
without  pulling  V0  up  or  down  from  Ve. 

Suppose  that  output  voltage  V0  falls 
below  limiting  voltage  -  VL.  Then  the  out- 
put V01  of  U1  goes  toward  positive  satura- 
tion and  drives  V2  and  Vo2  positive  with  a 
time  constant  T1  =  R2  C2.  As  Vo2  rises,  D5 
begins  to  conduct  and  causes  V0  to  follow 
Vo2  upward  in  search  of  the  lockup  voltage. 

If  the  servoloop  (which  has  a  time  con- 
stant TL<  T^  comes  close  to  lockup  during 
the  search,  then  it  causes  V0  to  rise  faster 
than  does  Vo2,  and  D5  turns  off.  Shortly 
thereafter,  V0  becomes  more  positive  than 
V1?  causing  the  output  of  U1  to  ramp 
negative.  This  causes  V2  and  Vo2  to  go 
negative  with  a  time  constant  T2  =  (R2 1|  R^ 
C2.  Meanwhile,  the  charge  on  C1  holds  V1 
more  negative  than  V0  to  keep  U.,  in 
negative  saturation.  Eventually, Vo2 
reaches  negative  saturation  and  holds  V1 
at  -  VLto  return  the  circuit  to  the  idle  con- 
dition. 

If  the  servoloop  does  not  lock  up  during 
the  search,  then  Vo2 continues  pulling  up  V1 
until  D4goes  into  Zener  breakdown  at  a  V1 
slightly  less  than  +VL.  When  V0  rises 
above  this  value,  the  input  polarity  of  U1 
reverses  and  V01  goes  negative,  causing  V2 
and  Vo2to  return  toward  the  idle  state  with 
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Figure  1.  As  Part  of  the  Feedback  Loop,  the  searching  circuit  plays  no  role  during  normal  op- 
eration, other  than  to  insert  a  nominal  series  resistance.  When  the  loop  wanders  from  the 
stable  operating  region,  the  searching  circuit  sweeps  the  control  voltage  through  the  stable 
region  repeatedly  until  stable  operation  (lock)  is  regained. 
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Figure  2.  The  Searching  Circuit  contains  sawtooth-waveform  generators  that  become  acti- 
vated when  VQ  rises  above  +  V.  or  falls  below  -  V.  The  waveform  time  constants  are  deter- 
mined by  resistors  R3,  R2.  and  R,  and  capacitors  C,  and  C2. 
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time  constant  T2.  If  V0<  -VL  when  the  cir- 
cuit reaches  the  idle  state,  the  circuit  be- 
gins a  new  search  cycle. 

The  circuit  behaves  similarly,  but  with 
opposite  polarity,  when  V0 exceeds  +  VL.  In 

that  case,  U1  and  U2  remain  idle,  and  U3  f 

and  U4  are  activated  to  sweep  V0  down- 
ward from  +VL toward  -VL. 

This  work  was  done  by  £  H.  Sigman  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-17003/TN 
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Preventing  Arc  Welding  From  Damaging  Electronics 

Appropriate  shielding,  grounding,  and  cable  routing  protect  delicate  parts. 


A  shielding  technique  has  been  devel- 
oped to  protect  sensitive  electronic  equip- 
ment trom  damage  due  to  electromagne- 
tic disturbances  produced  by  arc  welding. 
Certain  applications  may  require  the  weld- 
ing of  tubing  or  other  structural  com- 
ponents in  the  presence  of  electronic 
equipment  that  cannot  be  removed  with- 
out considerable  difficulty  and  cost.  For  ex- 
ample, because  of  new  developments  in 
the  Centaur  hydrazine-propellant-feed 
system,  an  all-welded  tubing  system  is  now 
utilized.  However,  it  is  necessary  to  repair 
or  replace  portions  of  this  system  after 
avionics  are  installed.  The  removal  or  dis- 


connection of  the  avionics  prior  to  welding 
results  in  a  break  of  inspection  requiring 
reverification  after  the  weld.  It  was  neces- 
sary to  develop  a  technique  for  welding 
with  the  avionics  in  place,  without  the  risk 
of  damage  or  the  necessity  for  reverifica- 
tion, to  avoid  delays  in  launching. 

The  basic  piece  of  equipment  used  to 
weld  the  tubing  is  an  orbital  arc  welder.  This 
unit  radiates  electromagnetic  interference 
(EMI)  in  excess  of  MIL-STD  461A.  Work 
was  initiated  to  measure  the  welder  EMI, 
then  to  develop  shielding  methods  to  ena- 
ble the  welder  to  operate  in  compliance 
with  MIL-STD  461A. 


Many  shielding,  grounding,  and  cable- 
routing  schemes  were  tested  to  arrive  at  a 
configuration  that  was  repeatable  and  veri- 
fiable. This  investigation  established  an  ac- 
ceptable alternative  in  those  instances  in 
which  the  electronic  equipment  cannot  be 
removed  prior  to  arc  welding.  Guidelines 
were  also  established  for  open,  unshielded 
welds.  This  procedure  may  be  applicable 
to  robotics  or  computer-aided  manufactur- 
ing. 

This  work  was  done  by  Noel  Sargent  of 
Lewis  Research  Center  and  D.  Mareen 
of  General  Dynamics  Corp.  No  further  doc- 
umentation is  available. 
LEW-14480/TN 
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Time-Zone-Pattern  Satellite  Broadcasting  Antenna 

Phase  and  amplitude  constraints  are  applied  at  overlapping  feeds  to  minimize  power  losses. 


Direct-broadcast  satellite  antenna 
designs  that  provide  contoured  beams  to 
match  the  four  time  zones  in  the  48  con- 
tiguous states  and  spot  beams  for  Alaska, 
Hawaii,  and  Puerto  Rico  are  presented  in 
a  29-page  report.  The  antennas  would  be 
used  on  two  separate  satellites  transmit- 
ting at  about  12.5  GHz,  one  located  at 
101  °  W.  longitude,  covering  Puerto  Rico 
and  the  Eastern  and  Central  time  zones, 
the  other  at  157  °  W.,  covering  the  Moun- 
tain and  Pacific  time  zones,  Alaska,  and 
Hawaii. 

The  report  includes  descriptions  of  the 
procedures  used  to  arrive  at  the  opti- 
mized designs.  The  arrangements,  am- 
plitudes, and  phases  of  the  antenna 
feeds  are  presented  in  tables.  Gain  con- 
tours are  shown  graphically.  Additional 
tables  of  performance  data  are  given  for 
cities  in  the  service  area  of  the  Eastern 
satellite. 


The  contoured  beams  are  produced 
by  a  planar  array  of  feeds  radiating 
toward  an  off-axis  parabolic  reflector. 
The  beam  pattern  for  each  time  zone  is 
optimized  by  selecting  the  position, 
phase,  and  amplitude  of  each  of  the 
feeds  radiating  the  signal  for  that  time 
zone. 

Most  of  the  feeds  serve  only  one  of 
the  two  time-zone  beams,  but  the  feeds 
along  the  boundary  between  the  beams 
serve  both  beams.  To  minimize  the 
power  losses  at  the  boundaries  between 
adjacent  beams,  the  amplitudes  of  all  the 
shared  feeds  within  each  beam  are 
made  equal,  and  the  phase  of  each 
shared  feed  is  constrained  to  be  the 
same  in  both  beams  it  serves.  In  the 
designs  presented,  there  are  four  such 
constrained  feeds  in  the  Eastern/Central 
beam  and  five  in  the  Mountain/Pacific 
beam.  The  total  numbers  of  feeds  used 


in  the  Eastern,  Central,  Mountain,  and 
Pacific  beams  are  17,  16,  19,  and  14, 
respectively. 

The  constrained  design  results  in  an 
average  power  loss  of  about  0.5  dB  in 
the  isolation  network  required  to  drive 
the  shared  feeds  with  the  separate 
signals  for  the  two  beams.  In  contrast, 
the  isolation  methods  used  in  previous 
designs  incurred  losses  of  about  3  dB. 
These  losses  result  in  similar  signal- 
strength  reductions  along  the  boundary 
between  the  two  time  zones  on  the 
ground. 

This  work  was  done  by  Victor  Galindo, 
Yahya   Rahmat-Samii,   and  William  A. 
Imbriale  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory  and  Herb  Cohen 
and  Ronald  R.  Cagnon  of  TRW,  Inc. 
"Constrained  Overlapping  Feed  Arrays 
for  Contiguous  Contour  Beam  Reflector 
Antennas,"  NPO-16522/TN 
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Video  Analog  Signal  Divider 


This  inexpensive  device  also  produces  thermal  images  in  conjunction  with  standard  color  camera 
systems. 

A  system  known  as  a  video  analog  sig-        justment  are  included  in  the  circuit  for 
nal  divider  produces  a  video  image  based        calibration  purposes.  The  heart  of  the 


on  the  color  ratio,  as  distinguished  from  the 
usual  object  brightness  or  color-compo- 
nent brightness  that  the  typical  video  signal 
represents.  This  device  is  particularly 
useful  in  thermal  mapping  because  the  col- 
or distribution  of  certain  phosphors  is  in- 
dependently a  function  of  temperature.  An- 
alog video  circuitry  is  used  to  provide  an 
inexpensive  real-time  image-processing 
technique. 

The  video  analog  signal  divider  works 
with  a  standard  three-tube  color  camera 
with  red/green/blue  output.  Because  the 
synchronization  signal  in  a  standard 
camera  system  can  be  either  separate  or 
combined  with  the  green  signal,  the  circuit 
includes  a  toggle  switch  to  accommodate 
these  two  alternatives.  The  configuration 
shown  in  the  figure,  with  its  blue  and  green 
inputs,  represents  an  application  for  ther- 
mal imaging  in  which  a  blue/green  thermo- 
graphic phosphor  is  used.  A  toggle  switch 
to  a  1  -volt  divisor  and  an  external  gain  ad- 


signal  divider  is  an  integrated  circuit  func- 
tioning as  a  wideband  linear  divider  with  a 
signal  bandwidth  of  60  MHz. 
This  work  was  done  by  Gregory  M.  Buck 


of  Langley  Research  Center.  No  further 
documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley  Re- 
search Center.  Refer  to  LAR-13740./TN 

Langley  Research  Ctr. 
Technology  Utilization 
Officer:  John  Santos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 
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The  Video  Analog  Signal  Divider  produces  a  black-and-white  composite  video  signal  based 
on  the  color  ratio.  The  device  is  inexpensive,  uses  the  signal  from  a  standard  red/green/blue 
camera  as  input,  and  can  be  used  to  produce  quantitative  thermal  images  of  two-color  phos- 
phor coatings. 
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System  Measures  Logic-Gate  Delays 

Many  gates  on  a  chip  are  tested  automatically. 


An  automatic  testing  system  measures 
the  signal-propagation  delays  of  an  experi- 
mental integrated-circuit  array  of  logic 
gates.  The  system  (see  figure)  includes  a 
controlling  computer,  a  counter/timer,  and 
a  feedback-controlled  timing-waveform 
generator.  In  addition,  a  multiplexer  is  in- 
cluded on  the  integrated-circuit  chip  with 
the  logic-gate  array  to  be  tested.  The  de- 
lays measured  by  the  system  serve  as  val- 
uable data  for  the  design  of  fast  logic  and 
memory  chips. 

The  integrated  circuit  is  described  more 
fully  in  the  following  article.  The  logic-gate 
array  includes  128  delay  chains.  Eight  of 
the  chains  are  metal  traces.  Each  of  the 
other  120  chains  consists  of  a  series  of  40 
identical  inverters.  The  inverter  chains  dif- 
fer from  each  other  in  transistor  geome- 
tries and  inverter  loadings.  The  delays  of 
the  metal  traces  are  taken  to  be  the  mini- 
mum parasitic  delays;  these  must  be  sub- 
tracted from  the  overall  measured  chain 
delays  to  obtain  the  portions  due  to  the  in- 
verter gates  alone. 

The  input  ends  of  all  the  delay  chains  are 
connected  to  a  common  input  "start"  line. 
The  output  end  of  each  chain  is  connected 
to  one  of  the  two  inputs  of  a  bistable  circuit 
called  a  "C-element".  The  other  input  of 
each  C-element  is  connected  to  a  com- 
mon input  "stop"  line.  The  timing-wave- 
form generator  feeds  "start"  pulses  to  the 
"start"  line  and  "stop"  pulses  to  the  "stop" 
line. 

The  output  signal  for  the  C-element  de- 
pends on  which  signal  arrives  first,  the 
"start"  pulse  propagated  through  the  delay 
chain  or  the  "stop"  pulse  coming  directly 
from  the  timing-waveform  generator.  If  the 
delayed  "start"  signal  arrives  first,  then  the 
overall  measured  chain  delay  is  less  than 
the  interval  between  the  "start"  and  "stop" 
pulses;  if  the  "stop"  signal  arrives  first,  then 
the  measured  delay  is  more  than  the 
"start'T'stop"  interval. 
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The  Timing  System  includes  a  timing  sampler  fabricated  as  part  of  the  integrated  circuit  to  be 
tested.  The  timing-waveform  generator  puts  out  "start"  and  "stop"  pulses,  the  interval  between 
which  is  adjusted  until  it  equals  the  signal-propagation  delay  to  be  measured.  The 
counter/timer  then  measures  the  interval. 


The  computer  controls  the  multiplexer, 
which  selects  the  chain  to  be  tested  by 
connecting  its  C-element  output  terminal 
to  the  feedback  line.  As  the  chain  is  tested, 
the  C-element  output  signal  is  fed  back  to 
the  timing-waveform  generator  as  a  con- 
trol signal  to  increase  or  decrease  the  in- 
terval if  the  delay  is  longer  or  shorter,  re- 
spectively. The  feedback  cycle  is  repeated 
until  the  interval  reaches  the  actual  delay 
and  begins  to  dither  about  that  value. 

The  computer  then  commands  the 
counter/timer  to  measure  the  interval.  The 
counter/timer  operates  with  pseudoran- 
dom time-base  modulation  and  averaging 
to  obtain  a  resolution  of  0.1  ns  over  105 
measurement  cycles.  From  these  meas- 
urements the  computer  calculates  the 
average  delay  of  a  single  gate  in  each 
chain  as  the  overall  chain  delay  minus  the 
parasitic  delay,  divided  by  the  number  of 
gates  (40)  in  the  chain. 

777/s  work  was  done  by  Brent  R.  Blaes  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 


this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-16646./TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


( 


19 


Engineering 


0020  Nation's  Tallest  'VAWT  Turning  Out  the  Watts 

0021  Single-Family  Building  Retrofit  Research 

0022  Error-Tolerant  Quasi-Paraboloidal  Solar  Concentrator  —  Scalloping  the 
reflector  surface  reduces  sensitivity  to  manufacturing  and  aiming  errors. 

0023  Bipolar-Battery  Construction  —  The  components  are  configured  so  that 
the  processing  steps  can  be  automated.  (Licensing  Opportunity) 

0024  Acoustical  Convective  Cooling  or  Heating  —  A  small,  efficient  ultrasonic 
device  circulates  a  fluid.  (Licensing  Opportunity) 

0025  Designing  Film-Cooled  Turbine  Disks  —  A  technique  would  optimize 
weights  and  speeds  of  disks  in  film-cooled  turbines.  (Licensing  Opportu- 
nity) 

0026  Quasi-Three-Dimensional  Analysis  of  Turbine  Flow  —  A  computer 
program  reduces  computer  time  and  treats  multiple  elements.  (Licens- 
ing Opportunity) 

0027  Quick-Change  Optical-Filter  Holder  —  A  dark  slide  and  interlock  protect 
against  ambient  light. 

0028  Elastomer  Pump  Seals  for  Coal  Liquefaction  Applications 

0029  Crack-Covering  Patch  Technique  for  Multilayer  Cryogenic  Insulation 
Testing  &  Instrumentation 

0030  Leak  Detection  for  Liquefied  Gases 

0031  System  Developed  to  Verify  Compliance  with  Arms  Treaties 

0032  Hot-Film  Anemometer  for  Boundary-Flow  Transitions  —  A  temperature- 
compensated  instrument  yields  data  at  subsonic  and  supersonic  speeds. 
(Licensing  Opportunity) 

0033  Holocinematographic  Velocimeter  —  Holographic  movies  are  used  to 
study  turbulent  flows. 

Other  Items  of  Interest 

0056    Furnace  for  Rapid  Melting  and  Freezing  —  An  experiment  could  be 
conducted  in  less  than  one  minute.  (Licensing  Opportunity) 


( 


r 


united  states     Research  Technology 

Department  of  w  * 

Agriculture      Agricultural  Research  Service 


Nation's  Tallest  "VAWT"  Turning  Out  the  Watts 


1  esting  is  now  underway  on  the  tallest 
and  most  powerful  windmill  of  its  kind  in 
the  United  States.  Known  as  a  Vertical 
Axis  Wind  Turbine,  or  VAWT,  it  looks 
something  like  a  giant  eggbeater  as  it 
towers  164  feet  above  the  flat  terrain  of 
the  Texas  Panhandle.  It  can  produce  500 
kilowatts  of  electricity  every  hour  in  a 
steady  28  mph  wind. 

"That's  enough  to  run  20  farms  or 
ranches  or  100  homes,"  says  R.  Nolan 
Clark  of  the  Agricultural  Research 
Service's  Conservation  and  Production 
Research  Laboratory  near  Bushland, 
Texas,  where  the  experimental  turbine  is 
located.  It  is  the  third  VAWT  to  be 
tested  at  Bushland  and  is  the  first  in  the 
United  States  built  for  investigating 
VAWT  aerodynamics  and  production  of 
electricity  on  a  large  (500  kW  and  above) 
scale. 


"That's  [electricity] 
enough  to  run  20  farms  or 
ranches  or  100  homes. " 

R.  Nolan  Clark  ,  Agricultural  Research  Service 


Clark,  an  agricultural  engineer,  will 
monitor  the  VAWT's  performance  over 
the  next  4  years  as  part  of  a  windpower 
research  project  conducted  jointly  with 
the  U.S.  Department  of  Energy  (DOE) 
and  Sandia  National  Laboratories  of 
Albuquerque,  New  Mexico.  The  turbine 
was  designed  and  erected  for  DOE  by 
Sandia. 

"We're  especially  concerned  about 
how  well  it  will  do  in  terms  of  providing 
a  steady  voltage"  says  Clark,  who  points 
out  that  automated  feeding,  milking,  and 
irrigation  systems  on  farms  and  ranches 
could  be  seriously  disrupted  by  fluctua- 
tions in  voltage  and  frequency. 

"But  keep  in  mind,"  he  adds,  "that  this 
turbine  is  not  a  prototype  for  industry. 
There's  a  lot  of  technical  innovation  here 
that  wind  turbine  manufacturers  may 


VAWT  Research  Instrumentation 


•  Strain  gauges  O  Cable  connectors 

A  Triaxial  accelerometers  A  Video  Connectors 

■  Pressure  taps  D  Damage  gauges 

Base  instruments  measure  brake  torque, 
blade  position,  tower  vibration,  rotor  RPM. 
shaft  torques,  power,  current,  and  voltage. 


Electronic  instrumentation  thai  measures  cable  tension  is  calibrated  by  agri 
cultural  engineer  Ron  D.t\  is.    Information  from  eaeh  of  the  v>  ind  turbine's  three  guy 
cables  is  led  to  a  data  acquisition  center  for  processing.  Continuous  monitoring  of 
cable  tension  enables  engineers  to  make  adjustments  to  avoid  vibration  caused  by 
tvindspced  a, id  temperature  changes.   (88BW0646-27A) 
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want  to  adopt,  but  by  and  large  this 
machine  is  meant  for  testing  new  con- 
cepts in  vertical  axis  turbine  design." 

Like  those  before  it,  the  latest  VAWT 
at  Bushland  has  two  blades  of  aluminum 
bowed  against  a  vertical  shaft  that  rotates 
with  the  blades  as  the  wind  blows. 
Unlike  its  predecessors,  however,  the 
blade  airfoils  (blade  cross  sections)  are 
shaped  specifically  for  a  vertical  axis 
turbine  instead  of  being  copied  from  an 
airplane  wing. 

"You  won't  find  blades  like  these  on 
any  other  wind  turbine,"  says  Henry 
Dodd,  head  of  Sandia's  wind  energy 
research  division.  "Their  design  allows 
the  turbine  to  operate  at  peak  efficiency 
over  a  broad  range  of  windspeeds." 

The  blades,  he  points  out,  decrease  in 
width  and  thickness  as  they  curve  away 
from  the  vertical  shaft.  This  reduces 
aerodynamic  drag  at  key  points  and  helps 
the  turbine  maintain  optimum  rpm 
(revolutions  per  minute)  in  light  winds. 
On  the  other  hand,  the  thickness  of  the 
blades  relative  to  their  width  has  a 
stalling  effect  that  helps  slow  the  turbine 
when  the  winds  are  strong. 

"We're  not  in  a  speed  contest,"  says 
Dodd.  "We  want  optimum  rates  of 
rotation  for  the  production  of  electric- 
ity— nothing  less,  nothing  more.  If  it 
rotates  too  fast,  we've  got  problems." 

Rotating  too  fast,  he  says,  could  cause 
the  turbine's  support  cables  to  snap  as  a 
result  of  excessive  vibration.  They  could 
also  lead  to  mechanical  problems  in  the 
gears  between  the  turbine  and  the 
electrical  generator  that  it  drives. 

The  turbine  is  designed  to  operate 
from  25  to  40  rpm  with  electronic 
circuits  that  stablize  output  frequency  at 
60  cycles  per  second. 

Vertical  axis  wind  turbines  are  not 
new.  Their  basic  design  was  developed 
over  60  years  ago,  and  they  are  now 
manufactured  commercially  by  several 
firms.  But  the  marketing  experience  of 
these  firms  has  shown  that  modern 
VAWT's  could  be  far  more  competitive, 
both  in  costs  and  energy  production,  with 
just  a  slight  improvement  in  efficiency. 

"The  big  advantage  of  the  vertical 
axis  design,"  says  Dodd,  "is  that  the  con- 
version of  rotating  power  to  electricity 
occurs  at  ground  level — at  the  base  of  the 
shaft.  That's  where  the  transmission, 
generator,  brakes,  and  other  mechanical 
connections  are  located.  It  makes  their 
installation  a  whole  lot  easier,  not  to 
mention  their  maintenance  and  repair." 

"We  use  the  same  type  of  generator 
that's  found  in  electric  power  plants 


using  coal,  oil,  or  even  nuclear  fission," 
Dodd  says.  "In  this  case,  the  energy  to 
turn  the  magnets  comes  from  the  wind." 

And  the  amount  of  energy  in  the  wind 
is  considerable.  In  the  Great  Plains, 
where  the  wind  averages  about  14  mph, 
it  packs  a  potential  200  to  300  watts  for 
every  square  meter  that  it  blows  against. 

"Actually,  this  type  of  VAWT — one 
this  big — produces  far  too  much  power 
for  just  one  farm  or  ranch,"  says  Nolan 
Clark,  "and  it  would  probably  be  too 
expensive  as  well.  As  far  as  ownership 
and  use  is  concerned,  small  co-ops  might 
be  the  only  way  to  go." 

Then  why  so  big?  Why  not  smaller 
turbines  for  individual  farms? 

"We  really  believe  this  is  the  most 
efficient  size,  all  things  considered," 
answers  Henry  Dodd.  "It's  a  combination 
of  aerodynamic  principles,  structural 
requirements,  and  costs." 

The  blades  on  the  turbine,  Dodd  says, 
have  to  be  wide  enough  to  create  the 
necessary  lift  and  have  to  be  far  enough 
apart  to  create  the  torque  or  leverage 
needed  to  turn  the  central  shaft.  The 
distance  they  curve  out  from  the  shaft — 
the  maximum  diameter  of  the  turbine — 
also  governs  the  turbine's  height. 

"You  can't  just  scale  these  things 
down,"  he  says.  "Make  the  turbine  a 
little  smaller  and  you  wind  up  losing  a  lot 
of  aerodynamic  efficiency  and  a  lot  of 
power  with  only  negligible  savings  in 
construction  costs." 

What  about  the  surplus  electricity? 

"That  can  be  sold  back  to  the  local 
utility,"  says  Clark,  "assuming  that  it's  a 
clean  and  steady  voltage.  Wind  turbines 
are  already  tied  into  power  company  lines 
in  some  states,  but  their  initial  costs  are 
usually  too  high  to  make  a  profit.  We 
expect  our  turbine  here  at  Bushland  to  do 
a  lot  better." 

As  part  of  its  overall  testing  program, 
the  turbine  will  supply  electricity  to 
automated  water  pumps  used  in  irrigation 
research  at  Bushland.  Excess  power  will 
go  to  the  Southwestern  Public  Service  Co. 
for  the  area  power  system. 

"Our  tests  will  answer  a  lot  of  ques- 
tions about  the  safety,  effectiveness,  and 
economy  of  wind-generated  electricity," 
says  Clark.  "They  will  provide  the  kind 
of  data  farmers  and  ranchers  and  entire 
communities  need  in  deciding  whether  or 
not  wind  turbines  of  this  size  and  design 
are  right  for  them." 


FOR  ADDITIONAL  INFORMATION:  Contact  R.  Nolan  Clark, 
USDA-ARS  Conservation  and  Production  Research  Laboratory, 
PO  Drawer  10,  Bushland,  TX    79012. 
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Oak  Ridge  National  Laboratories 


SINGLE-FAMILY  BUILDING  RETROFIT  RESEARCH 


The  Single-Family  Retrofit  Research  Program 
focuses  primarily  on  improving  the  energy- 
efficient  use  of  space  heating,  air  conditioning, 
and  domestic  hot  water  in  single-family  (S-F) 
dwellings.  These  functions  use  about  two-thirds 
of  the  residential  energy  supply  in  the  United 
States.  The  estimated  savings  from  residential 
retrofits  would  be  worth  an  average  of  $8  billion 
per  year  (in  1982  dollars).  Lack  of  knowledge 
about  retrofits  has  continued  to  lead  to 
inappropriate  solutions  and  less  than  optimal 
energy  efficiencies. 

The  mission  of  the  Single-Family  Retrofit 
Program  is  to  (1)  determine  the  energy  savings 
that  can  be  achieved  through  various  retrofit 
measures,  (2)  improve  the  understanding  of  how 
retrofits  actually  perform  on  occupied  buildings, 
and  (3)  support  the  private  sector's  efforts  to 
implement  and  monitor  residential  retrofits  and  to 
develop  more  effective  delivery  systems.  Further 
research  is  needed  to  assess  the  effects  of  local 
climate,  building  type,  installation  quality,  and 
occupant  behavior  on  energy  savings  from 
specific  S-F  retrofits  (Fig.  1). 


The  ORNL  report,  Single-Family  Building 
Retrofit  Research:  Multiyear  Plan: 
FY    1986- FY    1991,  provides  an  overview  of 
the  characteristics  of  the  S-F  sector  and 
summarizes  private  and  government  activities 
that  have  been  directed  at  energy  conservation 
retrofits  in  S-F  buildings.  Its  purpose  is  to  provide 
a  research  and  development  (R&D)  agenda  that 
will  support  the  efforts  of  both  the  private  and 
public  sectors  to  improve  the  energy  efficiency  of 
existing  S-F  buildings. 

The  research  and  information  needs  for  the 
program  were  classified  into  five  areas: 

•  program  planning  and  support, 

•  research  on  the  application  of  retrofit  measures 
and  approaches, 

•  basic  applied  research  on  new  and  improved 
retrofit  measures, 

•  R&D  for  technology  adoption,  and 

•  technology  transfer. 

More  than  50  project  areas  under  these 
programs  areas  were  identified,  screened,  and 
ranked.  The  final  ranking  reduced  the  list  to  nine 
recommended  research  project  areas,  the  most 
urgent  of  which  was  performance  monitoring  of 
retrofits  in  occupied  buildings. 
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Fig.  1.  This  infrared  image  of  a  house  in  Karns,  Tennessee,  displays  the  complex  relationship  between  the 
house  and  its  thermal  environment.  Lack  of  complete  knowledge  about  residential  retrofits  has  continued  to 
lead  to  inappropriate  solutions  and  less  than  optimal  energy  efficiencies.  Further  research  is  needed  to 
assess  the  effects  of  local  climate,  building  type,  installation  quality,  and  occupant  behavior  on  domestic 
heating  and  cooling. 
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Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

Single- Family  Building  Retrofit  Research,  Multiyear  Plan: 
FY  1986-FY  1991,  ORNL/CON-207,  Oak  Ridge  National 
Laboratory  (May  1 986). 
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Error-Tolerant  Quasi-Paraboloidal  Solar  Concentrator 

Scalloping  the  reflector  surface  reduces  sensitivity  to  manufacturing  and  aiming  errors. 


Contrary  to  intuition,  the  most  effective 
shape  of  a  concentrating  reflector  for  a 
solar  heat  engine  is  not  a  perfect  parabo- 
loid. According  to  design  studies  for  a 
Space  Station  solar  concentrator,  a  scal- 
loped, nonimaging  approximation  to  a  per- 
fect paraboloid  offers  better  overall  per- 
formance in  view  of  the  finite  apparent  size 
of  the  Sun,  the  imperfections  of  real  equip- 
ment, and  the  cost  of  accommodating 
these  complexities.  The  scalloped-reflec- 
tor  concept  can  also  be  applied  to  improve 
the  performance  while  reducing  the  cost  of 
manufacture  and  operation  of  a  terrestrial 
solar  concentrator. 

A  lightweight  reflector  might  be  con- 
structed, for  example,  by  suspending 
gores  of  metalized  plastic  sheet  from  ap- 
proximately radially-aligned  parabolic  sup- 
porting ribs  (see  figure).  The  gores  would 
be  slightly  wider  than  the  circumferential 
distances  between  the  ribs  so  that  when 
attached  to  the  ribs,  the  gores  would  bow 
outward  slightly  to  attain  the  required 
scalloped  shape.  In  principle,  a  gore  could 
also  be  made  by  bending  a  flat  metal  strip 
into  contact  with  two  adjacent  ribs,  then 
machining  the  scallop  depression  into  the 
sheet  with  a  point  cutting  tool  pivoted  about 
the  focal  point  of  the  corresponding  ideal 
paraboloid. 

A  perfect  paraboloidal  reflector  would 
offer  the  highest  concentration  of  incom- 
ing solar  energy  if  the  Sun  were  a  point 
source  of  radiation  and  if  the  reflector 
could  be  aimed  precisely  toward  the  Sun 
all  the  time.  In  such  a  case,  all  the  inter- 
cepted solar  flux  would  be  concentrated  to 
a  tiny,  diffraction-limited  spot.  In  practice, 
the  finite  angular  subtense  of  the  Sun 
(about  0.53°)  gives  rise  to  a  solar  image  of 
finite  size  at  the  focal  spot.  The  image  is 
blurred  and  spread  out  by  slope  errors  of 
the  reflector  surface,  and  radiant  energy  is 
diverted  from  the  desired  focal  spot  by  aim- 
ing errors.  As  a  result,  some  of  the  insola- 
tion is  lost  because  it  misses  the  receiver.  A 
larger,  more-exposed  solar-receiver  sur- 
face could  accommodate  the  aiming  er- 
rors and  spreading  of  the  image,  but  would 
also  parasitically  reradiate  more  of  the 
received  energy,  and  the  receiver  could 
not  r.ttain  as  high  a  temperature  as  de- 
sired. 
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A  Solar  Concentrator  With  Scalloped  Gores,  resembling  a  floppy  umbrella,  would  approxi- 
mate an  ideal  paraboloidal  reflector  but  could  maintain  a  smaller,  more-precisely-located  fo- 
cal spot  in  spite  of  errors  in  manufacturing  and  pointing. 


A  computer  ray-tracing  study  was  per- 
formed on  three  conceptual  concentrators 
60  ft  (18.3  m)  in  diameter,  based  on  the 
same  ideal  paraboloid:  the  paraboloidal 
reflector  itself;  a  60-rib,  flat-wrapped-gore 
reflector;  and  a  60-rib  version  of  the  new 


scalloped-gore  reflector.  The  ideal  parabo- 
loidal and  flat-wrapped-gore  versions  were 
both  found  to  be  more  vulnerable  to  sur- 
face-slope errors  than  to  aiming  errors;  the 
scalloped  version  proved  to  be  more  vul- 
nerable to  aiming  errors  than  to  slope  er- 
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rors.  The  highest  sensitivity  of  the  scal- 
loped version  to  either  kind  of  error  was 
lower  than  the  lowest  sensitivity  of  the  ideal 
paraboloid:  in  other  words,  at  the  same 
level  of  performance,  the  scalloped  ver- 
sion is  easier  to  manufacture  and  to  aim. 


Furthermore,  the  1 .6-ft  (0.49-m)  diameter  of 
the  receiver  aperture  required  by  the 
scalloped  version  is  much  smaller  than 
those  of  the  paraboloidal  and  f  lat-wrapped- 
gore  versions  [6.9  ft  (2.1  m)  and  9.3  ft 
(2.8  m),  respectively],  so  that  in  the 


presence  of  imperfections,  the  concentra- 
tion ratio  of  the  scalloped  version  is  at  least 
18  times  that  of  the  others. 

This  work  was  done  by  Howard  A. 
Wagner  of  Johnson  Space  Center. 
MSC-21061  /TN 
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Bipolar-Battery 
Construction 

The  components  are 
configured  so  that  the 
processing  steps  can  be 
automated. 

Bipolar  batteries  can  be  fabricated  in  a 
continuous  quasi-automated  process.  The 
components  of  the  battery  are  configured 
so  that  the  processing  steps  can  be  run  se- 
quentially. The  key  components  of  the  bat- 
tery, the  bipolar  plate  and  bipolar  separator, 
are  fabricated  separately  and  are  later 
joined  together. 

The  sequential  steps  of  the  process  are 
cutting,  masking,  etching,  plating,  folding, 
and  sealing  the  bipolar  plates;  inserting 
bipolar  separators;  and  then  compressing, 
binding,  and  filling  the  combination  with 
electrolyte.  The  assembly  of  successive 


battery  plates  can  expand  and  contract  to 
compensate  for  thermal  and  mechanical 
stresses  and  volume  changes. 

This  work  was  done  by  Wally  E.  Rippel 
and  Dean  B.  Edwards  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory.  For 
further  information,  Circle  81  on  the  TSP 
Request  Card. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National 
Aeronautics  and  Space  Act  [42  U.S.C. 
2457(f)],  to  the  California  Institute  of  Tech- 
nology. Inquiries  concerning  licenses  for  its 
commercial  development  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-15315/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-4849 
Patent  Counsel: 
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Acoustical  Convective  Cooling  or  Heating 

A  small,  efficient  ultrasonic  device  circulates  a  fluid. 


A  device  provides  convective  cooling  or 
heating  by  acoustical  streaming.  It  pro- 
duces vortexes  in  a  small  volume  in  which 
a  liquid  or  gas  flows  at  speeds  up  to  about 
50  meters  per  second.  It  employs  no  fans 
or  rotors.  Conceived  to  generate  convec- 
tion for  heating  or  cooling  electronic  equip- 
ment in  zero  gravity,  where  there  is  no 
natural  convection,  the  device  can  also  be 
used  on  Earth  to  apply  localized  or  concen- 
trated cooling  to  individual  electronic  com- 
ponents or  other  small  parts. 

With  suitable  design,  the  device  can  di- 
rect convection  in  a  small,  localized  vol- 
ume and  can  control  the  rate  of  cooling  or 
heating.  It  therefore  can  be  used  to  cool 
particularly  hot  components  on  a  circuit 
board,  for  example.  A  fan,  in  contrast,  cir- 
culates air  uniformly  over  the  board  rather 
than  where  the  most  heat  is  generated. 
Also,  unlike  a  fan,  the  acoustical  cooling 
device  consumes  only  a  fraction  of  a  watt 
of  power. 

in  containerless  processing  of  materials 
by  acoustic  levitation,  the  convector  can 
augment  cooling  or  heating  of  freely  sus- 
pended samples  when  natural  convection 
is  insufficient.  Fans  or  pumps  cannot  be 
used  in  such  processes  because  they 
would  interfere  with  levitation. 

The  device  consists  of  a  piezoelectric 
driver  and  a  reflector.  Vibrating  at  ultrason- 
ic frequencies,  the  driver  creates  a  pair  of 
counterrotating  vortexes  in  the  space  be- 
tween it  and  the  reflector  (see  figure).  An 


Reflector 


Object  To  Be 

Heated  or 

Cooled 


Vibrating  at  an  Ultrasonic  Frequency,  a  pie- 
zoelectric driver  sets  up  vortexes  that  trans- 
fer heat  to  or  from  an  object  in  the  space, 
depending  on  whether  the  reflector  is 
heated  or  cooled. 


object  in  this  space  is  cooled  by  the  flow  if 
heat  is  removed  from  either  the  driver  or 
reflector  (or  heated  if  heat  is  supplied  to  the 
driver  or  reflector). 

The  frequency  of  the  driver  can  be 
chosen  at  a  value  between  10  and  500  kHz 
to  adjust  the  diameter  of  the  vortexes  to  a 
value  between  10  cm  and  0.5  mm.  At  40 
kHz,  for  example,  the  distance  between 
the  driver  and  the  reflector  is  1.2  cm,  about 


three-fourths  the  wavelength  of  the  sound 
in  air  at  room  temperature. 

In  a  demonstration,  the  temperature  of  a 
thermistor  measured  at  various  voltages 
was  substantially  lower  when  acoustical 
cooling  was  applied.  At  10  V,  for  example, 
the  thermistor  operated  at  about  260  °C 
when  the  sound  was  off  and  150°C  with 
the  sound  on.  At  higher  voltages,  the  effect 
was  even  more  pronounced. 

This  work  was  done  by  Eugene  H.  Trinh 
and  Judith  L  RobeyofCaltech  for  NASA's 
Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer to  NPO-17278.  /77V 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr  forJPL:  Norman 
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Designing  Film-Cooled  Turbine  Disks 

A  technique  would  optimize  weights  and  speeds  of  disks  in  film-cooled  turbines. 


A  proposed  iterative  approach  to  design 
would  enable  the  shaping  of  turbine  disks 
partly  according  to  their  temperature  pro- 
files. The  method  would  balance  the  tan- 
gential stress  in  each  disk  with  a  measure 
of  the  temperature  derived  from  film  cool- 
ing as  the  film  coolant  travels  radially  out- 
ward from  the  source  of  coolant  at  the 
center  of  the  disk.  The  rotor  disk  would  be 
contoured  to  both  the  temperature  profile 
and  the  ability  of  the  disk  material  to  with- 
stand stress. 

The  method  would  provide  an  optimal 
match  of  power  and  efficiency  with  the 
thermal  and  structural  properties  of  the 
turbine.  It  would  avoid  the  extreme  of  low 
coolant  flow,  which  gives  rise  to  high  tem- 


peratures in  the  disks  and  consequently 
unsafe  operation,  and  of  high  coolant  flow, 
which  diminishes  the  performance  of  the 
turbine  by  diverting  flow  from  the  main 
power  path. 

Thus  contoured  or  tapered,  the  disks 
would  be  relatively  light  in  weight  and  could 
run  at  relatively  high  rim  speeds  ap- 
proaching 2,000  ft/s  (600  m/s).  The  new 
iterative  approach  would  be  suitable  for  the 
design  of  advanced  stationary,  aircraft, 
and  rocket  turbines. 

This  work  was  done  by  William  R. 
Wagner  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center.  No 
further  documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 


mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to 
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Quasi-Three-Dimensional  Analysis  of  Turbine  Flow 

A  computer  program  reduces  computer  time  and  treats  multiple  elements. 


An  improved  design-analysis  program 
for  turbomachinery  can  be  applied  to  multi- 
ple turbine  elements  simultaneously.  The 
program  enables  continuous  and  coherent 
analyses  rather  than  the  previous  piece- 
meal analyses  of  flow  fields.  The  effects  of 
upstream  elements  on  downstream  flow 
are  thus  taken  into  account  automatically. 

The  quasi-three-dimensional  program 
reduces  the  number  of  iterations  needed 
to  arrive  at  a  final  design  and  thus  saves 
time  and  money.  Moreover,  the  program 
can  be  restarted  at  several  points  in  its  ex- 
ecution sequence. 

With  its  grid  spacings  tighter  than  those 
of  older  programs,  the  new  program  gives 
more  accurate  results.  The  program  takes 
into  account  the  behaviors  of  real  gases, 
not  just  ideal  gases. 

The  program  consists  of  two  parts. 
Meridional-plane  analysis  examines  the 
flow  from  the  hub  to  the  tip  surface. 
Streamline-surface-of-revolution  analysis 
examines  the  flow  from  blade  to  blade.  The 
analysis  procedure  follows  these  three 
steps: 

1 .  Define  station  lines  and  run  the  meridio- 
nal-plane analysis  program  for  an  annu- 
lus  channel  —  one  without  blades.  Let 
the  leading  and  trailing  edges  be  the  sta- 
tion lines; 

2.  Insert  one  turbomachine  element  at  a 
time,  starting  at  the  upstream  end,  and 
run  the  meridional-plane  analysis  pro- 


First 
Iteration 


Second 
Iteration 


I 


Third 
Iteration 


The  Flow  About  a  Row  of  Turbine  Blades  is  computed  by  iteration  of  meridional-plane  (M) 
and  streamline-surface-of-revolution  (S)  analysis  programs.  The  rectangular  blade  shape  is 
schematic  only. 


c 


gram  followed  by  the  streamline-sur- 
face-of-revolution  analysis  program  (see 
figure);  and 
3.  Proceed  to  the  next  downstream  as- 
sembly of  elements  and  repeat  step  2. 

This  work  was  done  by  Wayne  W.  Hsu  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
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Quick-Change  Optical-Filter  Holder 

A  dark  slide  and  interlock  protect  against  ambient  light. 


A  mechanism  enables  a  technician  to 
remove  and  insert  optical  filters  quickly 
and  protects  delicate  parts  of  an  optical 
system  against  ambient  light.  Designed  for 
use  with  band-pass  optical  filters  in  10 
channels  leading  to  photomultiplier  tubes 
in  a  water-vapor  lidar/ozone  instrument, 
the  mechanism  can  be  modified  to  operate 
in  other  optical  systems  that  require  the 
rapid  change  of  filters. 

Previously,  to  change  a  filter  without 
damaging  a  photomultiplier  tube,  it  was 
necessary  to  turn  the  tube  off  and  remove 
it  from  the  instrument  to  gain  access  to  the 
filter  holder.  Care  had  to  be  taken  not  to  ex- 
pose the  face  of  the  tube  to  ambient  light. 
The  operation  was  both  tedious  and  time 
consuming. 

With  the  new  mechanism,  it  is  not  nec- 
essary to  remove  the  photomultiplier.  The 
mechanism  (see  figure)  includes  a  filter 
drawer  that  operates  in  interlocking  fash- 
ion with  a  dark  slide.  To  remove  the  filter 
drawer,  the  technician  first  inserts  the  dark 
slide  firmly  into  its  slot;  this  releases  the 
drawer.  The  technician  then  pulls  the 
drawer  out;  this  latches  the  dark  slide  in 
place,  and  the  dark  slide  shields  the  photo- 
multiplier from  stray  light  during  the  entire 
time  in  which  the  drawer  is  removed.  The 
technician  places  the  new  filter  in  the 
drawer,  the  drawer  is  reinserted  firmly  to 
release  the  dark  slide,  the  drawer  be- 
comes latched,  and  the  dark  slide  is  re- 
moved. 

Both  the  drawer  and  the  dark  slide  have 
ratchet  serrations  that  engage  a  common 
latching  pawl.  The  sliding  members  also 
engage  separate  spring-loaded,  no-back 
pawls  that  ensure  that  once  either  member 
is  inserted,  it  must  be  inserted  fully  before  it 
can  be  withdrawn.  A  newly  inserted  mem- 
ber must  be  fully  latched  by  the  common 
pawl  before  the  no-back  pawls  release. 
Strong  springs  help  to  release  the  previ- 
ously latched  member  when  the  newly  in- 
serted member  disengages  the  common 
latching  pawl. 

To  assure  that  both  members  are  not 
latched  simultaneously,  a  bilevel  toggle 
pawl  pushes  the  other  member  out  when 
the  new  one  is  inserted.  A  rubber  vane 
blocks  the  entrance  hole  of  the  dark  slide  to 
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SECTION  A  A 


SECTION  B-B 


The  Quick-Change  Filter  Holder  contains  an  interlocking  mechanism  that  prevents  the  si- 
multaneous removal  of  both  the  dark  slide  and  the  filter  drawer. 

prevent  the  entry  of  stray  ambient  light       Goddard  Space  Flight  Center.  No  fur- 
when  the  dark  slide  is  removed.  ther  documentation  is  available. 
This  work  was  done  by  Peter  Leone  of       GSC-13148  /TN 
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Oak  Ridge  National  Laboratories 


ELASTOMER  PUMP  SEALS  FOR  COAL  LIQUEFACTION  APPLICATIONS 


Key  words:  Coal  liquefaction;  pump  seals; 
solvent  resistance;  elastomer; 
ethylenepropylenediene  monomer 


The  Wilsonville,  Alabama,  Advanced  Coal 
Liquefaction  Research  and  Development  Facility 
uses  hydrotreated  process  solvent  at  elevated 
temperatures  to  dissolve  powdered  coal.  Pumps 
circulate  the  process  solvent  through  various 
stages  of  the  liquefaction  process.  The  pump 
seals  are  subjected  to  severe  service 
environments,  which  include  high  pressure 
differentials  across  the  seals,  abrasive  particles 
suspended  in  the  solvent,  and  solvent 
temperatures  from  350  to  450°F. 

Hot  immersion  tests  were  conducted  at  ORNL 
on  three  commercially  available 
ethylenepropylenediene  monomer  (EPDM)  O-ring 
seals  and  the  commonly  used  bonded  graphite 
seal,  as  shown  in  Fig.  1 .  Partial  findings  of  the 
ORNL  study  are  summarized  in  Table  1. 
Subsequently,  a  service  performance  test  was 
conducted  at  the  Wilsonville  facility  using  EPDM 


GLASS  RACK 


GROUND  GLASS 
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Fig.  1.  Apparatus  for  hot-immersion  testing  of  commercially 
produced  EPDM  O-rings  in  coal  liquefaction  solvent. 
Table  1.  Summary  of  changes  in  EPDM  and  bonded  graphite  O-ring  seals 
resulting  from  hot  immersion  testing 


O-ring 
Identification 

EPDM  #1 

EPDM  #2a 

EPDM  #3 

Bonded 
Graphite 


Change  (%) 


Cross  section        Volume        Weight        Density       Deflection 


Deflection 
(mm) 


+  22.2  +80.7  +66.7  -7.8  +717.0               8.5 

+  25.8  +93.7  +78.1  -8.1  +425.2               9.9 

+  30.2  +122.6  +93.0  -13.3  +218.3  21.5 

+  1.3  +13.8  +59.8  +39.0                 0                  0 


"Service  tested  at  the  Wilsonville,  Alabama,  Advanced  Coal  Liquefaction  Research  and 
Development  Facility. 


28 


seal  No.  2  in  Table  1 .  This  test  showed  that  the 
low-cost  EPDM  O-ring  pump  seals  (having  round 
cross  sections)  lasted  for  about  15  months.  This 
service  life  is  about  twice  as  long  as  that  of  the 
costly  bonded  graphite  seal  commonly  used  for 
this  application.  In  addition  to  reducing  downtime 
and  costs,  the  EPDM  O-rings  do  not  damage  the 
pump  shaft  as  the  bonded  graphite  seals 
commonly  do. 

Additional  information: 

Office  of  Technology  Applications 
Information  Service 


Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

C.  C.  Skena  and  J.  R.  Keiser,  Evaluation  of  Selected 
Elastomer  O-Ring  Seals  for  Service  at  the  Wilsonville, 
Alabama,  Advanced  Coal  Liquefaction  Research  and 
Development  Facility,  ORNL/TM- 10066,  Oak  Ridge  National 
Laboratory  (August  1986). 

A.  R.  Hirasuna,  G.  J.  Friese,  and  C.  A.  Stephens,  "Y267 
EPDM  Elastomer  in  Hydrocarbons  with  Important  and 
Unexpected  Very  High  Temperature  Case  Histories," 
pp.    137/1-1 37/40  in  CORROSION/84,  April  2-  6,   1984, 
New  Orleans,  Natl.  Association  of  Corrosion  Engineers, 
Houston  (1984). 
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Fermi  National  Accelerator  Laboratory 

Crack-Covering  Patch  Technique  for  Multilayer 
Cryogenic  Insulation 


The  effect  of  cracks  in  a  multilayer  insulation  (MLI)  blanket  on  the  heat  load  from  77'  K  to 
4.2*  K  is  a  serious  problem,  but  less  so  than  from  room  temperature  to  77'  K.  The  crack- 
covering  patch  technique  and  the  enhanced  black  cavity  model  developed  to  reduce  heat  flux 
through  cracks  in  an  MLI  blanket  to  a  77'  K  surface-was  applied  experimentally  to  the  77-4.2* 
K  situation. 

Researchers  at  Fermilab  concluded  that  cracks  in  an  MLI  blanket  seriously  degrade  the 
thermal  performance  and  cause  an  unexpectedly  large  heat  load  through  the  insulation 
system.  Furthermore,  an  optimized  crack-covering  technique  will  improve  the  thermal 
performance  of  an  MLI  system  with  cracks,  to  that  of  one  without  cracks  in  that  temperature 
region.  It  is  well  known  that  there  are  three  heat-transfer  mechanisms  in  MLI  systems: 
residual  gas  molecular  conduction,  radiation,  and  solid  conduction  between  adjacent  layers. 
The  relative  importance  of  each  is  a  function  of  temperature.  Because  of  the  low  heat  of 
vaporization  of  liquid  helium,  any  degradation  of  the  MLI  on  superconducting  devices  can 
have  serious  operational  consequences.  It  was  obvious,  then,  that  the  effect  of  cracks  on  the 
heat  load  from  77  to  4.2*  K  should  be  studied,  and  the  ability  of  patches  to  alleviate  the  effect 
be  investigated. 

The  end  result  of  these  investigations  showed  that  the  same  technique  used  to  reduce  the 
effects  of  cracks  in  an  MLI  system  between  room  temperature  and  77'  K  is  useful  for  the 
77-4.2*  K  temperature  region.  (FAA-41 9) 


For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia,  IL  60510 

(312)840-3333 

Refer  to  FAA-419/TN 
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Fermi  National  Accelerator  Laboratory 


Leak  Detection  for  Liquefied  Gases 


Fermilab's  extensive  use  of  liquid  helium,  liquid  nitrogen,  helium  gas,  and  neon  gas,  tests 
the  resourcefulness  of  the  Lab's  engineering  staff  in  developing  new  methods  of  leak 
detection. 

In  one  instance,  Lab  technicians  effected  modifications  to  an  existing  commercial  leak 
detector,  the  DuPont  120SSA/24-120.  This  was  accomplished  by  changing  the  magnet  and 
re-tuning  to  sense  the  neon  peak.  This  inexpensive  modification  gives  good  sensitivity  and 
solves  the  problem  of  leak-checking  where  the  use  of  helium  is  not  economical  or  feasible.  It 
is  projected  that  companies  reluctant  to  use  the  helium  leak  checking  technique  can  accom- 
plish their  goals  by  using  the  modified  DuPont  package.  (FAA-47) 

Checking  for  helium  leaks  in  the  1000  superconducting  magnets  in  Fermilab's  TEVATRON 
accelerator  spawned  a  system  whereby  several  leak  detectors  and  a  chart  recorder  were 
employed  to  find  a  circuit  leak  by  utilizing  the  helium  time-of-flight.  By  so  doing,  system 
sensitivity  is  enhanced  by  at  least  an  order  of  magnitude  and  large  systems  can  be  leak 
checked  with  a  single  pump-down.  There  is  simply  no  other  way  to  leak  check  a  system 
which  cannot  be  seen,  such  as  any  large  vacuum  system  with  hidden  components.  (FAA-1 43) 

Again  in  the  realm  of  helium/neon  leak  detection,  an  improved  sensitivity  speed  choke 
valve  was  developed  by  installing  a  diffusion  pump  isolation  valve  with  a  predictable  opening 
size.  This  modification  allows  a  predictable  accumulated  sensitivity.  When  the  speed-choke 
valve  is  opened,  a  new  predictable  sensitivity,  improved  by  a  factor  of  eight,  and  faster 
cleanup  is  achieved.  (FAA-204) 

For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia,  IL  60510 

(312)840-3333 

Refer  to  FAA-204/TN 
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Technology  Application 


Sandia  National  Laboratory 


Systems  Developed  to  Verify  Compliance  with  Arms 
Treaties 


Technology  for  verifying  compliance  with  new  inter- 
national arms  control  agreements  is  receiving  increasing 
attention  at  Sandia  National  Laboratories'  Technical 
On-Site  Inspection  (TOSI)  facility. 

Systems  and  devices  that  could  he  used  to  verify 
compliance  with  the  Intermediate  Nuclear  Force  (INK) 
Treaty,  for  jxample,  are  developed,  tested  and  demon- 
strated at  the  1-1/2-year-old  TOSI  facility.  Such  systems 
and  devices  would  he  used  on-site,  at  weapon  manufac- 
turing facilities  on  the  soil  of  participating  nations. 

Sandia  conducts  research  for  the  Department  of 
F.nergy  (DOE)  and  Department  of  Defense  (DoD)  on 
various  arms  control  technologies,  including  concepts  for 
on-site  inspection  that  might  be  required  by  future 
nuclear  arms  reduction  treaties. 

Test-bed  for  control  systems 

Sandia  constructed  the  Technical  On-Site  Inspec- 
tion facility  as  part  of  this  research.  It  is  a  test-bed 
for  systems  that  would  control  perimeters,  portals,  and 
other  functions  at  facilities  whose  operations  would  he 
restricted  by  treaty. 

TOSI  was  completed  in  December  1986,  after  an 
accelerated  3-month  development  program  for  the  DoD. 
It  includes  several  buildings,  roadways,  and  a  railroad 
spur.  Treaty-related  technologies  being  assessed  at  TOSI 
include  a  perimeter  barrier  for  monitoring  the  integrity 
of  the  perimeter  and  portals  for  monitoring  movement  of 
traffic  into  and  out  of  the  facility.  The  latter  includes 
equipment  for  detecting  vehicles  and  for  measuring  the 
weight,  shape,  and  size  of  vehicles  exiting  the  site. 

At  the  facility,  various  technologies  and  systems, 
with  supporting  software,  are  tested  under  simulated 
field  conditions  and  assessed  for  cost,  reliability,  and 
maintainability. 

"For  example,  one  of  the  critical  questions  is  how 
many  personnel  must  l>e  at  a  site  in  order  to  operate  and 
repair  the  equipment,"  says  Roger  L.  Hagengruber,  San- 
dia Vice  President  for  Exploratory  Systems.  "TOSI  has 
given  us  many  months  of  experience  in  evaluating  ques- 
tions such  as  this." 

TOSI  includes  a  network  of  automated  sensors,  de- 
signed to  establish  that  a  vehicle  exiting  a  monitored  site 
is  not  carrying  a  treaty-limited  item  such  as  a  large 
rocket  motor  or  missile  stage.  Sensor  output  is  analyzed 
on  a  self-contained  computer  system  and  displayed  on 
consoles  inside  an  Operations  Control  Center  (O('C). 
where  inspectors  observe  the  data  and  record  results. 

Lights  &  barriers  control  movement 

During  experiments,  vehicle  movement  within  TOSI 
is  controlled  by  a  network  of  stoplights  and  barriers 
monitored  inside  the  OCC.  If  a  vehicle  cargo  awaiting 


View  from  inside  the  Operations  Control  Center,  showing  the 
monitoring  consoles  and  an  approaching  vehicle,  at  the  Techni- 
cal On-Site  Inspection  (TOSI)  facility. 


exit  from  the  monitored  site  is  of  a  size  and  shape  that 
could  match  a  treaty-limited  item,  it  may  be  examined 
more  closely  by  inspectors  using  portable  monitoring 
equipment  that  has  been  accepted  by  parties  to  the 
treaty. 

Supporting  equipment  could  include,  for  example, 
closed-circuit  television  cameras  mounted  in  tamper- 
resistant  containers.  These  could  l>e  installed  at  key 
locations  throughout  the  site  in  such  a  way  that  critical 
operations  or  attempts  to  bypass  or  defeat  the  sensor 
suite  will  be  detected  and  documented.  A  camera  of  this 
type  has  been  designed  at  Sandia. 

"This  test-bed  for  integrating  technologies  lor  site 
monitoring  will  play  a  pivotal  role  in  planning  lor  the 
I'.S.  system  that  will  he  installed  at  Votkinsk  in  the 
Soviet  Union,"  Hagengruber  says. 

Under  the  INF  treaty,  on-site  inspection  systems 
would  be  installed  at  rocket  manufacturing  sites  in  the 
United  States  and  Soviet  Union.  Sites  in  Magna,  Utah, 
and  Votkinsk.  Russia,  could  be  the  first  two  locations. 
Pershing  2  rocket  motors  have  been  manufactured  at 
Magna  and  SS-.'O  motors  at  Vol  kiosk;  both  rockcl  types, 
(continued  on  page  '-') 
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which  can  he  used  to  deliver  nuclear  weapons,  would  be 
prohibited  by  the  INF  treaty. 

A  group  of  seven  Soviet  arms  control  specialists 
visited  the  TOSI  facility  on  April  20  to  view  some  of  the 
verification  technology  systems  that  the  U.S.  might  want 
to  install  at  Volkinsk.  The  Soviet  visitors  were  in  the 
company  of  U.S.  military  and  government  officials. 

Sandia's  work  in  verification  and  control  technology 
dates  back  to  the  1954-58  era-,  when  the  Labs  served  as 
advisor  on  multilateral  arms  control  talks  with  the  USSR 
and  other  countries. 

Work  on  verification  technology  started  in  1962  with 
negotiation  of  the  Limited  Test  Ban  Treaty  (LTBT), 
which  banned  all  nuclear  explosions  except  those  staged 
underground.  As  part  of  the  LTBT  R&D  effort,  in  a  joint 
program  with  Los  Alamos  National  Laboratory,  Sandia 
developed  data  processing  logic  and  sensor  systems  for 
the  Vela  satellite  system. 

Vela  satellites  were  used  to  detect  clandestine  nu- 
clear detonations  in  the  atmosphere  and  in  space.  The 
first  Vela  satellites  were  launched  in  1963.  In  1964.  also 


under  the  Vela  program,  the  first  work  began  «*n  unat- 
tended seismic  observatories,  a  concept  created  by  San- 
dia for  long-duration  monitoring  of  underground  nuclear 
tests. 

In  addition  to  work  on  the  LTBT.  Sandia  has  partic- 
ipated in  development  of  instrumentation  to  help  imple- 
ment the  Non-Proliferation  Treaty  (NPT).  which  is 
designed  to  prevent  the  spread  of  nuclear  weapons  to 
additional  countries.  Devices  developed  by  Sandia  are 
now  used  by  NPT  signatory  countries  to  monitor  and 
control  inventories  of  nuclear  materials  at  nuclear  power 
sites. 
FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 
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Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 
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Hot-Film  Anemometer  for  Boundary-Flow  Transitions 

A  temperature-compensated  instrument  yields  data  at  subsonic  and  supersonic  speeds. 
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Old  and  New  Anemometers  are  compared.  Modifications  in  the  new  version  include  the  addition  of  the  temperature-compensation  resistor 
and  resistors  R  and  R_  in  series  and  parallel  with  the  compensation  device. 

S  p 


An  improved  temperature-compensat- 
ed hot-film  anemometer  detects  aircraft 
boundary-layer  transitions  at  transonic 
speeds  over  a  range  of  altitudes  and 
speeds.  In  previous  experiments,  the  sen- 
sitivity of  a  hot-film  anemometer  varied 
with  changes  in  the  speed  and  altitude  of 
the  aircraft.  During  extremes  of  high  speed 
at  low  altitude  or  low  speed  at  high  altitude, 
the  anemometer  output  saturated,  result- 
ing in  the  loss  of  data  on  the  flow  transition. 
The  new  anemometer  corrects  for  this  ef- 
fect by  measuring  the  local  total  tempera- 
ture (the  ambient  temperature  at  a  stagna- 
tion point)  and  heating  the  hot-film  gauge  to 
a  fixed  differential  of  90  °C  above  the  total 
temperature.  The  configuration  of  the  cir- 
cuit and  electrical  shielding  of  the  new  in- 
strument also  improve  the  quality  of  the 
measured  data  by  increasing  the  ability  of 
the  anemometer  amplifier  to  reject  noise. 


The  basic  instrument  employed  a  hot- 
film  gauge  with  a  bridge  circuit  to  maintain 
a  constant  film  temperature.  The  new  in- 
strument (see  figure)  adds  an  external  tem- 
perature-compensating resistor  to  main- 
tain the  film  at  the  constant  temperature 
differential  rather  than  at  constant  tem- 
perature. As  the  airflow  varies,  so  does  the 
amount  of  heat  carried  away  from  the  film. 
Thus,  the  amplifier  output  gives  an  indica- 
tion of  the  flow  past  the  hot  film.  When  a 
transition  of  the  boundary  layer  is  en- 
countered, the  amplitude  and  frequency  of 
the  dynamic  voltage  output  rise  sharply. 
The  steady-state  voltage  changes  corre- 
spondingly. 

The  hot-film  gauge  and  the  tempera- 
ture-control resistor  are  mounted  on  the 
surface  of  the  aircraft.  Both  components 
are  wired  through  the  same  cable  to  the 
electronic  circuitry  inside  an  instrumenta- 


tion fin  on  the  aircraft.  The  common  side  of 
each  is  connected  to  the  cable  shield, 
which  is  grounded  inside  the  electronic 
housing  to  increase  the  rejection  of  noise 
by  the  amplifier. 

Several  maneuvers  were  flown  to  de- 
monstrate the  characteristics  of  the  tem- 
perature-compensated anemometer.  Con- 
stant-mach-number  and  constant-dyna- 
mic-pressure ascents  and  descents  were 
flown.  Altitudes  ranged  from  5,000  to 
40,000  ft  (1.5  to  12  km),  mach  numbers 
from  0.7  to  1.8,  and  dynamic  pressures 
from  300  to  600  lb/ft2(2to4  MPa).  The  sen- 
sors survived  rapidly  passing  shock  waves 
as  well  as  high  dynamic  pressures. 

This  work  was  done  by  Harry  R.  Chiles 
and  J.  Blair  Johnson  of  Ames  Research 
Center.  Further  information  may  be  found 
in  NASATM-86732[N85-33121/NSP],  "De- 
velopment of  a  Temperature-Compensat- 
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ed  Hot-Film  Anemometer  System  for 
Boundary-Layer  Transition  Detection  on 
High-Performance  Aircraft. "  [A02] 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by calling  (800)  336-4700. 

Inquiries  concerning  rights  for  the 


commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
Refer  to  ARC-11811./TN 


Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Holocinematographic  Velocimeter 

Holographic  movies  are  used  to  study  turbulent  flows. 


A  dual-view,  high-speed,  holographic 
movie  technique  has  been  developed  for 
studying  the  physics  of  the  control  of  tur- 
bulent flows.  This  approach,  which  elimi- 
nates some  of  the  limitations  of  previous 
holographic  techniques,  uses  the  holocine- 
matographic velocimeter,  or  HCV.  The  data 
from  this  system  can  be  used  to  verify  the 
results  of  theoretical  models  and  numeri- 
cal simulations  of  turbulence,  to  visualize 
and  measure  coherent  structures  in  "non- 
simple"  turbulent  flows,  and  to  examine 
the  mechanisms  operative  in  various  tur- 
bulence-control/drag-reduction concepts. 
This  system  shows  promise  for  giving  the 
most-complete  experimental  characteri- 
zation of  turbulent  flows  yet  available. 

In  this  technique,  a  high-speed  movie  is 
composed  of  single-exposure  holograms 
of  tracer  particles  in  each  of  two  simultane- 
ous orthogonal  views  of  a  flow.  The  time 
resolution  is  set  by  the  movie  frame  rate, 
and  the  total  time  is  limited  by  the  length  of 
the  movie. 


These  holographic  movies  are  reduced 
to  velocity  data  in  three  steps.  First,  the 
coordinates  of  the  tracer  particles  are 
found  by  scanning  the  reconstructed  im- 
ages from  the  holograms.  Next,  the  two 
views  are  combined  to  allow  equal  position 
accuracy  to  be  obtained  for  all  three  coor- 
dinates. Finally,  the  particles  are  tracked  in 
successive  time  steps  for  the  entire  holo- 
graphic movie  to  determine  the  time-vary- 
ing velocity  field  through  the  entire  test 
volume.  The  size  of  the  tracers  is  a  com- 
promise between  the  quality  of  the  image 
and  the  spacing  of  the  tracers.  Commer- 
cially-available, 40-fjm-diameter,  hollow 
glass  spheres  called  microballoons  have 
been  used. 

Because  of  limitations  on  the  movie 
frame  rate,  the  HCV  will  be  used  to  study 
turbulence  physics  in  slow  flows  of  water.  A 
new  type  of  vertical  water  tunnel  was  de- 
veloped to  satisfy  the  requirements  of  this 
study.  This  tunnel  is  like  a  vertical  towing 
tank,  but  the  tank,  rather  than  the  model,  is 


moved.  The  tunnel  has  a  very  low  disturb- 
ance flow  and  is  far  less  expensive  to  con- 
struct than  are  continuous-flow  or  intermit- 
tent-flow tunnels. 

Even  though  the  tunnel  velocity  is  low 
(<1  m/s),  the  film-transport  speed  required 
to  obtain  500  frames/s  is  17.5  m/s.  This  mo- 
tion plus  vibration  could  cause  smearing  of 
the  images  in  the  holograms.  Smearing  is 
avoided  by  the  use  of  a  pulsed  copper-va- 
por laser.  An  argon-ion  laser  has  been  used 
during  the  reduction  of  the  holograms. 

The  HCV  appears  to  be  capable  of  ob- 
taining data  uniquely  with  resolutions  in 
time  and  in  three-dimensional  space  that 
approach  those  of  full  real-time  realizations 
of  complex  flows.  Although  the  system  can 
be  used  only  for  low-speed  flows,  it  could 
help  in  the  solution  of  a  large  number  of 
problems  in  the  physics  of  fluids  and,  par- 
ticularly, problems  in  the  control  of  flows. 

This  work  was  done  by  Leonard  M. 
Weinstein  and  George  B.  Beeler  of  Lang- 
ley  Research  Center.  LAR-13699  /TN 
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Project  Summary 


National  Ambient  Volatile  Organic  Compounds 
(VOCs)  Data  Base  Update 


The  National  Ambient  Volatile 
Organic  Compounds  (VOCs)  Data 
Base  update  is  the  result  of  an 
ongoing  effort  to  gather,  evaluate, and 
compile  the  measured  con- 
centrations of  a  large  number  of 
VOCs.  Data  on  the  observed 
concentrations  of  three  hundred 
twenty  (320)  volatile  organic 
compounds  (VOCs)  were  compiled, 
critically  evaluated,  and  assembled 
into  a  relational  data  base.  Ambient 
(outdoor)  measurements,  indoor 
data,  and  data  collected  with 
personal  monitors  are  included.  The 
data  are  primarily  from  the  period 
1970-1987  and  for  locations  within 
the  United  States.  In  order  to 
compare  data  from  many  different 
sources,  each  concentration  record 
in  the  data  base  represents  the  daily 
average  for  a  single  chemical, 
wherever  feasible.  The  total  data 
base  contains  more  than  175,000 
concentration  records. 

Summaries  of  the  data 
distributions  are  tabulated  in  the 
report.  The  average,  median  and 
quartile  values  are  given  for  each 
chemical  measured  in  both  the 
ambient  and  indoor  site  categories. 
Median  values  are  also  listed  for 
each  chemical  for  the  eight  specific 
site  types  included  in  the  data  report. 
The  ambient  site  types  are:  remote, 
rural,  suburban,  urban,  and  source 
dominated.  The  indoor  category  of 
site  types  include  residential  indoor, 
workplace  (non-industrial),  and 
personal  monitors. 

The  data  have  been  assembled 
into  a  relational  data  base  using 
dBASE  III  Plus,  a  commercially 
available  data  base  management 
program.  The  data  base  is  available 
on  IBM  PC-compatible  diskettes. 
The  report  contains  a  complete 
description  of  the  data  base  files  and 
a  guide  describing  the  use  of  a 
prepared  program  for  searching  and 


maintaining  the  data  base. 

This  Project  Summary  was 
developed  by  EPA's  Atmospheric 
Sciences  Research  Laboratory, 
Research  Triangle  Park,  NC,  to 
announce  key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 

Introduction 

Over  the  last  decade,  concerns  about 
exposure  to  potentially  toxic  chemicals  in 
the  atmosphere  have  contributed  to  a 
growing  body  of  literature  on 
concentrations  of  Volatile  Organic 
Compounds  (VOCs)  in  the  environment. 
Knowledge  of  the  ambient  concentrations 
of  VOCs  is  very  useful  to  the 
Environmental  Protection  Agency  (EPA), 
and,  therefore,  the  first  national  ambient 
VOC  data  base  was  prepared  for  EPA 
and  published  in  1983.1  That  original 
data  base  critically  evaluated  and 
consolidated  published  data  on  ambient 
(i.e.,  outdoor)  concentrations  of  151 
VOCs  measured  in  the  United  States 
during  the  years  1970  to  1980. 

The  concerns  about  air  toxics  have 
persisted,  and,  as  a  result,  the  knowledge 
about  environmental  concentrations  of 
VOCs  has  increased  considerably  in  the 
intervening  years.  Much  more  information 
is  now  available  on  VOCs  in  the 
environment.  The  1983  national  data 
base  on  VOCs  has  been  updated  to 
include  both  ambient  and  indoor  VOC 
data  for  the  years  1980  to  1987.  The 
updated  data  base  includes  information 
on  320  VOCs. 

The  data  were  evaluated  for  quality  by  a 
rating  and  ranking  scheme.  The  updated 
data  base  is  available  on  IBM  PC- 
compatible  diskettes  for  use  with  dBASE 
III  Plus,  a  commercially-available 
relational  data  base  management 
system. 

The  objectives  of  the  task  to  update 
the  data  base  were: 


34 


1.  Review  EPA's  existing  VOC  data 
base  and  correct  any  discrepancies 
found; 
.  2.  Identify  newly-published  and 
unpublished  VOC  data,  critically 
evaluate  the  data,  combine  them 
with  the  previous  data,  analyze  the 
resulting  data  base;  and, 
3.  Provide  the  resulting  VOC  data  base 
in  a  dBASE  III  Plus  format(s) 
designed  to  facilitate  searching, 
sorting,  editing,  analysis  and  other 
manipulations. 

Procedures 

Each  of  the  major  tasks  involved  in 
updating  the  data  base  are  discussed 
briefly  below.  The  principal  elements  are: 

•  Perform  quality  assurance  (QA) 
checks  of  the  original  data  set  and 
convert  it  to  a  relational  data  base 
format; 

•  Conduct  a  literature  search  to  obtain 
new  data,  including  contacting 
individuals  and  organizations 
measuring  VOCs  to  request 
additional  or  unpublished  data; 

•  Develop  criteria  for  critically 
evaluating  (ranking  and  rating)  the 
data  base; 

•  Review  reports,  extract  and  critically 
evaluate  data; 

•  Select  an  appropriate  relational  data 
base  format  and  enter  all  the  data; 

•  Assure  the  quality  of  the  data  base 
entries; 

•  Statistically  analyze  the  data  base. 

Create  Relational  Data  Base 
and  Enter  Values 

A  relational  data  base  format  was 
established,  as  shown  in  Table  2.  The 
coded  data  from  reports  and  EPA 
diskettes  were  entered  into  dBASE  III 
Plus  files.  dBASE  III  Plus  permits  the 
specification  of  ranges  of  acceptable 
input  values,  which  allows  for  immediate 
error  checking  and  correction.  The 
original  data  base  contained 
approximately  18,000  concentration 
records.  The  updated  data  base  includes 
more  than  175,000. 

Assure  Quality  of  Data  Base 
Entries 

To  assure  the  quality  of  the  data 
entries,  the  following  procedures  were 
employed. 

•  Only  experienced  data  entry 
personnel  were  used. 

•  Many  of  the  data  were  obtained  on 
diskettes  and  transferred  directly  into 
dBASE  III  Plus  format. 

•  Simple  error-checking  techniques 
available  in  dBASE  III+  were  used 
as  appropriate. 

•  All  software  was  user-friendly  and 
tested  thoroughly  before  use. 


•  Scatterplots  and  other  techniques  for 
identifying  "outliers"  as  potentially 
erroneous  data  were  performed. 

•  More  than  10%  of  the  reports  were 
independently  reviewed  by  two 
analysts. 

•  The  data  were  thoroughly  reviewed 
by  a  panel  of  prominent  researchers 
in  this  field. 

Statistically  Analyze  the  Data 
Base 

The  authors  performed  summary 
statistics  on  the  master  data  file.  The 
results  are  tabulated  in  the  full  project 
report. 

Summary 

Data  on  the  measurement  of  three 
hundred  twenty  volatile  organic  chemical 
air  pollutants  has  been  assembled, 
critically  evaluated,  and  organized  into  a 
versatile,  relational  data  base.  The  project 
report  and  the  data  base  are  available  for 
public  distribution.  The  complete  data 
base  contains  information  on  both 
outdoor  and  indoor  measurements,  but, 
for  convenience  in  manipulating  the  data, 
the  indoor  and  ambient  data  have  been 
separated  into  two  concentration  files. 
The  concentration  file  of  ambient 
measurements  contains  more  than 
122,000  records  on  the  listed  chemicals. 
The  indoor  concentration  file  contains 
more  than  52,000  records  involving 
seventy-one  chemicals. 

The  original  VOC  data  base  was 
widely  used,  and  the  new  data  base  is 
expected  to  have  even  wider 
applications.  Potential  applications  of  the 
data  base  include  screening  level 
exposure  assessments,  pattern  or  trend 
analysis,  input  values  for  modeling 
studies,  determination  of  available 
analysis  methods,  etc. 
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#    Technology  Application 


Brookhaven  National  Laboratory 

A  Process  for  the  Solidification  of  Radioactive  and 
Other  Toxic  Wastes  in  Polyethylene 


The  process  encapsulates  waste  particulates  by  mixing  in  a  heater  screw- 
type  extruder  operating  at  120°C.     Prescribed  amounts  of  waste  particu- 
lates and  polyethylene  pellets  are  mixed  in  the  extruder  to  produce  a 
homogeneous  molten  mixture,  which  solidifies  upon  cooling. 

The  process  was  developed  for  encapsulation  of  DOE  wastes  where  the 
use  of  solidification  agents  is  not  appropriate  to  insure  safe  disposal. 
The  current  application  is  to  DOE  "HAZWRAP"  waste  management. 
(HAZWRAP  is  the  DOE  hazardous  waste  remedial  actions  program.) 

This  is  an  improved  process  for  the  solidification  of  radioactive  and 
chemical  hazardous  wastes.     It  is  applicable  to  a  variety  of  materials, 
such  as,  incinerator  ash,  ion-exchange  resins,  evaporator  concentrates 
and  various  forms  of  heavy  metals.     Encapsulation  in  this  form  allows 
disposal  under  a  variety  of  circumstances  in  accord  with  regulatory 
requirements. 

The  process  could  also  serve  for  the  fixation  or  encapsulation  of  dis- 
persible  fines  of  potentially  hazardous  materials  compatible  with 
polyethylene. 

Literature  -  E.M.  Franz,  J.H.  Heiser,  P.  Colombo,  "Solidification  of 
Commercial  and  Defense  Low-Level  Radioactive  Waste  in  Polyethylene", 
Ninth  Annual  DOE  Low-Level  Radioactive  Waste  Management  Conference, 
Denver,  CO,  August  25-27,   1987,  BNL  #40350. 

E.M.  Franz,  J.H.  Heiser,  P.  Colombo,  "Immobilization  of  Sodium  Nitrate 
Waste  with  Polymers",  April,  1987,  BNL  #52081. 

E.M.  Franz,  P.  Colombo,  "Development  and  Evaluation  of  Polyethylene 
as  Solidification  Agent  for  Low-Level  Waste",  Sept.  1986,  BNL  #38913. 

J.H.  Heiser,  E.M.  Franz,  P.  Colombo,  "A  Process  for  Solidifying  Sodium 
Nitrate  in  Polyethylene",  4th  International  Hazardous  Waste  Symposium 
on  Environmental  Aspects  of  Stabilization/Solidification  of  Hazardous  and 
Radioactive  Wastes,  Atlanta,  Georgia,  May  3-6,   1987. 


FOR  ADDITIONAL  INFORMATION:     contact  Dr.  William  Marcuse,  Head, 
Office  of  Research  and  Technology  Applications,  Bldg.  475-B,  Brookhaven 
National  Laboratory,  Upton,  NY   11973;  (516)  282-2103.     Refer  to  BNL/AA- 
36/TN. 
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Manufacturing,  Machinery, 
&  Tools 

0036  Identifying  and  Capturing  Quality  Costs 

0037  Computer  Integrated  Manufacturing  Concepts  and  Applications 

0038  Laser  Cutting  Review 

0039  Air-Operated  Sump  Pump  —  A  compact  unit  raises  water  85  ft.  (Licens- 
ing Opportunity) 

0040  Continuous  Production  of  Refractory  Microballoons  —  A  continuous 
process  would  have  economic  and  quality  advantages  over  batch 
processes.  (Licensing  Opportunity) 

0041  Easy-To-Use  Connector-Assembly  Tool  —  A  tool  compensates  for  the 
user's  loss  of  dexterity  under  awkward  conditions.  (Licensing  Opportu- 
nity) 

0042  Making  Smaller  Microshells  from  Refractory  Metals  —  The  tendency 
toward  gas  porosity  would  be  exploited.  (Licensing  Opportunity) 

0043  Mold  for  Casting  Radius-Inspection  Specimens  —  Thin  replicas  can  be 
viewed  on  a  comparator  without  sectioning. 

0044  Noncontacting  Inspection  Heads  for  Robots  —  A  compact  end  effector 
would  contain  sensors. 

0045  Quickly  Removable  Valve  —  A  conceptual  unit  could  be  removed  with 
minimal  disturbance. 

Testing  &  Instrumentation 

0046  Device  Rotates  Bearing  Balls  for  Inspection  —  The  entire  surface  of  a 
ball  is  inspected  automatically  and  quickly. 

Other  Items  of  Interest 

0009    Amplifier  Manufacturing 

001 6    Preventing  Arc  Welding  from  Damaging  Electronics  —  Appropriate 
shielding,  grounding,  and  cable  routing  protect  delicate  parts. 
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U.S.  Air  Force 

Reliability  Analysis  Center  (RAC) 

Rome  Air  Development  Center,  Griffiss  Air  Force  Base,  NY  13441 


Identifying  and  Capturing  Quality  Costs 

A  recent  survey  by  the  Gallup  organization  reached  615  top  executives 
of  both  large  and  small  companies  in  the  industrial  and  service  sectors. 
The  survey  addressed  the  executive's  perceptions  on  a  wide  range  of 
quality-related  topics. 

The  survey  had  one  very  alarming  response.     When  asked  what  were  the 
quality  costs  of  their  firms  they  answered  as  shown  in  the  table  below. 

44%  said  that  their  quality  costs  are  4%  or  less,  of  their  gross  sales. 
27%  said  they  did  not  know  what  their  quality  costs  were.    To  provide 
some  perspective  on  this  information,  most  quality  experts  believe 
Japanese  costs  are  9%  or  less,  while  the  US  costs  are  in  excess  of  20%. 

Some  of  this  unrealistically  low  perception  can  be  attributed  to  vari- 
ations in  quality  cost  definitions  and  a  lack  of  understanding  of  how  to 
classify,  collect,  analyze  and  interpret  quality  costs.     To  assist  in 
overcoming  this  problem,  the  following  suggestions  are  offered  to 
provide  some  help  in  identifying  true  quality  costs. 

Quality  costs  are  those  costs  incurred  by  any  process,  operation,  or 
function  which  are  attributable  to  a  specification  or  standard  primarily 
intended  to  provide  customer  satisfaction.     Broadly,  there  are  two 
classifications  of  quality  costs:     control  costs  and  failure  costs. 

Control  Costs  result  when  tasks  are  performed  to  assure  that  the 
product  or  service  meets  specification  requirements  (ultimately  satisfy 
the  customer).    These  costs  are  heavily  effected  by  management 
decisions  in  areas  other  than  quality  and  are  directly  altered  and 
amended  by  management.     For  this  reason  management  should  plan 
these  expenditures  through  and  in  coordination  with  the  regular  budget 
process. 


Optimum  Quality  Cost 


ESTIMATED   COST    Of    QUALITY 

HMMMt  AflitM  C#~#-  frf-^t  »'  ll  » 
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Defective. 
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Total  Costs  of  Quality  =  Prevention  Costs  +  Appraisal  Costs  +  Internal 
Failure  Costs  +  External  Failure  Costs 

Normally  the  quality  organization  takes  the  lead  in  developing  quality 

cost  collection  methods,  in  conjunction  with  the  accounting  department.  f 

Routine  cost  data  collection  procedures  should  be  utilized  where  practical. 

However,  specialized  collection  approaches  are  usually  required.    These 

approaches  assure  that  the  data  is  true  quality  cost  information,  is 

accurate  and  is  not  intermixed  with  other  costs  of  operations. 

The  first  step  in  meeting  the  objectives  of  a  cost  data  collection  system: 

°    Identify  all  departments,  divisions  or  cost  centers 
in  an  organization.    These  should  be  identified  in 
relation  to  the  types  of  costs  that  would  normally 
be  performed  by  that  entity,  either  by  listing  in 
tabular  form  or  in  matrix  format,  as  long  as  the 
method  provides  visibility. 

From  the  various  tasks  identified  on  the  listing,  each  function  or  activity- 
should  have  a  code  developed  for  it  to  be  keyed  to  routine,  time-keeping 
collection  methods  already  in  place.    Other  key  elements  include: 

°    Prepare  procedures  that  describe  what  will  be  col- 
lected, by  whom  and  how  often 

°    Develop  training  to  introduce  players  to  program 
objectives 

°    Establish  fixed  periods  for  reporting  and  analyzing  g 

data  ( 

After  determining  methods  of  collecting  data  it  is  essential  that  some 
means  of  arranging  and  reporting  this  data  be  accomplished  that  will 
provide  information  that  is  easily  understood  and  acted  upon. 

Controlling  quality  costs  should  be  accomplished  through  coordinated 
efforts  utilizing  the  current  budget  as  a  baseline.    A  coordinated 
effort  between  the  Quality  and  Accounting  entities  can  provide 
continuity  through  normal  management  budgeting  techniques. 

The  quality  organization  should  take  the  lead  in  analysis  and  interpre- 
tation, as  well  as  in  the  use  of  the  information  to  manage  the  quality 
system.    The  accounting/financial  management  organization  should  be 
responsible  for  the  identification,  accumulation  and  issuance  of  the 
quality  cost  reports. 

In  conclusion,  costs  of  quality  are  seldom  understood  or  accurately 
measured.    Proper  tracking  of  these  costs  can  lead  to  significant 
improvement  in  productivity.     The  use  of  preventive  measures  can 
avoid  the  production  of  scrap  or  of  equipment  requiring  costly  rework, 
and  can  turn  products  into  profit. 


FOR  ADDITIONAL  INFORMATION:    Contact,  Kieron  Dey,  Reliability 
Analysis  Center,  PO  Box  4700,  Rome,  NY  13440-8200;  (315)  330-4151. 


( 


U,S,  Army  Fact  Sheet 


Computer  Integrated  Manufacturing  Concepts  and 
Applications 


A  report  was  prepared  for  the  U.S.  Army  Industrial  Engineering  Activity, 
Production  Engineering  Division,  Rock  Island,  Illinois.     It  is  available  to 
the  public  through  MTIAC. 

CIM  is  a  frequently  used  acronym  used  by  different  people  with  different 
meanings.     CIM  is  also  used  as  a  euphemism  for  the  "factory  of  the  future" 
and  the  "unmanned  factory".     For  the  purpose  of  this  study,  a  precise 
definition  of  CIM  is  not  required,  but  there  must  be  a  common  understanding. 

There  is  an  abundance  of  books,  articles  and  proceedings  covering  CIM.     The 
bibliography  for  this  study  provided  a  collection  with  some  of  this  available 
material.     There  is  no  shortage  of  well  written  material—the  challenge  in 
preparing  this  study  was  to  select  a  few  references  that  are  recommended 
for  beginning  a  CIM  library  and  for  reading  to  gain  an  understanding  of 
computer  integrated  manufacturing. 

This  publication  starts  with  a  review  of  the  literature  relating  to  CIM.     Key 
references  are  summarized  and  references  suitable  for  a  CIM  library  are 
listed. 

Several  general  areas  of  emphasis  in  the  thrust  of  CIM  programs  were  noted 
during  the  survey  and  are  categorized  as  follows: 

-  Projects  attacking  production  and  repair  costs 

-  Projects  aimed  at  the  industrial  base  of  machining  vendors 

-  Projects  aimed  at  information  transfer  between  heterogeneous 
equipment 

-  Projects  aimed  at  creating  standard  product  data  definitions. 

Both  Artificial  Intelligence-Concepts  and  Applications    and  Computer  Inte- 
grated Manufacturing-Concepts  and  Applications  are  available  from  MTIAC. 
An  individual  volume  is  $25;  both  volumes  are  available  for  $40. 

INFORMATION  ANALYSIS  CENTERS 

MTIAC  is  one  of  21   IACs  available  through  DoD  and  the  U.S.  Defense  Industry. 
These  are: 

(CBIAC)     Chemical  Warfare/Chemical  Biological  Defense  Information 
Analysis  Center 

(CEIAC)     Coastal  Engineers  Information  Analysis  Center 

(CPIA)     Chemical  Propulsion  Information  Agency 
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(CRSTIAC)    Cold  Regions  Science  and  Technology  Information  Analysis 
Center 

(CTIAC)    Concrete  Technology  Information  Analysis  Center 

(DACS)    Data  and  Analysis  Center  for  Software 

(DASIAC)    DoD  Nuclear  Information  Analysis  Center 

(GACIAC)     Tactical  Weapons  Guidance  and  Control  Information  Analysis 
Center 

(HEIAC)     Hydraulic  Engineering  Information  Analysis  Center 

(HTMIAC)    High  Temperature  Materials  Information  Analysis  Center 

(IRIA)     Infrared  Information  Analysis  Center 

(MCIC)     Metals  and  Ceramics  Information  Center 

(MMCIAC)     Metal  Matrix  Composites  Information  Analysis  Center 


FOR  ADDITIONAL  INFORMATION  contact  Manufacturing  Technology 
Information  Center,  10  West  35th  Street,  Chicago,  IL  60616;  (312)  567- 
4730.     Refer  to  Volume  4,  No.  1. 
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Technology  Applications 


Laser  Cutting  Review 


A  98-page,  state-of-the-art  review  discusses  the  wide  range  of  present  and 
evolving  practical  laser  cutting  applications.     This  publication  is  structured 
to  provide  the  reader  with  a  variety  of  useful  information  to  evaluate  these 
laser  cutting  applications. 

Laser  cutting  is  reviewed  for  steel,  austenitic  stainless  steel  and  high- 
temperature  alloys,  aluminum  and  aluminum  alloys,  titanium,  organic  materials- 
plastics,  composites,  and  ceramics.     Available  laser  beam  sources  are  also 
reviewed.     Also  considered  along  with  various  options  available  are  Carbon 
dioxide  (CO2)  and  neodymium:yttrium-aluminum-garnet  (ND:YAG).     Finally, 
a  review  of  minipulator  systems  including  dedicated  path  and  programmed 
path  manipulators  is  presented. 

This  SOAR  is  replete  with  references  and  descriptions  of  available  equip- 
ment.    It  provides  an  excellent  source  for  evaluating  the  potential  of  lasers 
for  cutting.     Laser  Cutting  is  available  for  $50  from  MTIAC. 

FOR  ADDITIONAL  INFORMATION:    contact  Manufacturing  Technology 
Information  Center,   10  West  35th  Street,  Chicago,  IL  60616;  (312)  567-4730. 
Refer  to  Volume  4,  No.  1. 
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NASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Licensing 
Opportunity 


Air-Operated  Sump  Pump 


A  compact  unit  raises  water  85  ft. 


A  pump  removes  liquid  seepage  from  a 
small,  restricted  area  and  against  a  large 
pressure  head.  The  pump  was  developed 
for  moving  small  amounts  of  water  and  oil 
from  a  sump  pit  85  ft  (25.91  m)  deep.  It  fits 
in  a  space  only  6V2  in.  (16.5  cm)  in  diame- 
ter and  18  in.  (45.7  cm)  long. 

The  pump  employs  high-pressure  air  to 
push  the  liquid  upward  through  a  long  pipe. 
When  the  liquid  rises  into  the  pump 
chamber,  it  raises  a  float  that  actuates  a 
timer.  The  timer  opens  a  normally  closed 
solenoid  valve,  which  admits  air  at  120 
lb/in.2  (827  kPa)  to  the  pump  from  a  remote 
supply.  The  air  pressure  forces  the  liquid  up 
the  outlet  pipe  (see  figure).  As  the  liquid 
level  falls  in  the  pump,  the  float  drops  and 
deactivates  the  timer.  The  solenoid  valve 


returns  to  its  normally-closed  position  and 
shuts  off  the  pressurized  air. 

As  the  liquid  rises  again  into  the  pump 
chamber  from  the  sump  pit,  it  pushes  open 
the  flat-plate  valve  at  the  base  of  the  pump 
and  refills  the  pump  chamber.  When  the 
liquid  reaches  a  sufficient  height,  the  float 
mechanism  actuates  the  timer,  and  the 
pumping  cycle  repeats.  If  the  flat-plate 
valve  is  still  open  when  the  pumping  starts, 
the  pumping  pressure  closes  it. 

The  pump  requires  no  high  voltages  in 
the  sump  pit:  a  12-V  supply  is  all  that  is 
needed  for  the  timer  and  solenoid.  The 
pump  is  simple  mechanically  and  electri- 
cally and  inexpensive  to  operate.  It  is  in- 
stalled simply  by  lowering  it  into  the  sump 
pit  by  its  electrical  and  pressure  lines. 


This  work  was  done  by  Gary  D.  Nolt  of 
Ames  Research  Center.  No  further  docu- 
mentation is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Ames  Research  Center  [see 
page  26].  Refer  to  ARC-11414  /TN 


Ames    Research    Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-4044 


Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


In  the  Discharge  Part  of  the  Pumping  Cy- 
cle, air  forces  liquid  out  of  the  pump 
chamber  through  a  pipe.  During  the  filling 
part  of  the  pumping  cycle,  water  enters  the 
pump  chamber  from  the  sump  pit.  A  float  in 
a  chamber  next  to  the  pump  chamber  con- 
trols the  pressurization  through  a  timer  and 
solenoid  valve. 


Pump 
Switch' 


Pump-Switch 
Lever 
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PUMP  AND  FLOAT  CHAMBERS 


PUMP  CHAMBER  DISCHARGING 


Liquid  Entering 
PUMP  CHAMBER  FILLING 
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Continuous  Production  of  Refractory  Microballoons 

A  continuous  process  would  have  economic  and  quality  advantages  over  batch  processes. 


A  proposed  continuous  process  for  the 
direct  production  of  microballoons  from 
molten  refractory  materials  has  several 
advantages  over  the  conventional  batch 
techniques: 

•  The  cost  is  lower. 

•  Microballoons  can  be  produced  with  more 
uniform  size  and  shape  in  large-quantity 
production. 

•  A  wider  range  of  sizes  and  shapes  can  be 
specified  for  large-quantity  production. 

•  Temperature  cycling  is  eliminated,  reduc- 
ing the  cost  of  energy,  thermal  fatigue,  and 
the  frequency  of  replacement  of  parts  be- 
tween heating  cycles. 

Microballoon  products  made  by  the  con- 
tinuous process  could  include  inertial-con- 
finement  fusion  targets,  thermal  insulators, 
lightweight  composites,  impact  absorbers, 
and  containers  for  hazardous  materials. 

The  general  process  is  depicted  sche- 
matically in  Figure  1.  Figure  2  illustrates  in 
more  detail  the  design  of  a  version  in  which 
the  microballoons  are  formed  in  a  hollow 
jet.  This  version  imposes  the  most  formida- 
ble high-temperature  design  limitations 
and  is  the  one  most  widely  tested. 

Melting  and  refining  occur  in  a  con- 
trolled-atmosphere  vessel  above  a  drop 
tower.  The  atmosphere  is  tailored  for  in- 
dividual applications  to  influence  the  melt- 
chemistry  and  cooling  characteristics  of 
the  freely  falling  microballoons.  Within  a 
single  crucible,  three  induction  heating 
coils  and  a  common  araDhite  susceDtor  in- 
dependently heat  the  melting,  refining,  and 
nozzle/orifice  regions.  Temperature  con- 
trol is  maintained  in  these  three  regions  via 
thermocouples  and  furnace  controllers.  A 
rare  metal,  glass,  or  ceramic  inner  liner  is 
used  to  contain  the  refractory  melt. 

A  mechanism  of  rollers  and  packing 
glands  feeds  a  polished  rod  of  the  raw 
material  into  the  system.  As  it  passes 
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Figure  1.  The  Continuous  Process  is  ex- 
pected to  produce  high-quality  microbal- 
loons at  relatively  low  cost. 


through  the  susceptor,  the  rod  melts  from 
radiant  heat.  The  feed  mechanism  is  con- 
nected to  a  melt-level  controller  consisting 
of  a  differential-pressure  transducer  and  a 
ceramic  tube  immersed  in  the  melt.  The 
controller  varies  the  raw-material  feed  rate 
and  the  pressure  of  the  controlled  atmos- 
phere to  maintain  constant  hydrostatic 
pressure,  thereby  assuring  that  an  equal 
volume  of  liquid  is  issued  to  each  microbal- 
loon. 

Continuous  melt  refining  is  carried  out  in 
two  stages: 

1 .  Dissolved  gas  is  flushed  out  with  an  inert 
gas,  which  is  fed  into  the  melt  through  a 
conventional  bubbler.  This  step  is  neces- 
sary to  control  the  chemistry  of  the  melt 
and  to  minimize  oiifice  clogging  by  such 
contaminants  as  oxides  and  nitrides.  With 
molten  metals,  such  dissolved  gases  as 
hydrogen  could  cause  unwanted  porosity 
in  the  solidified  microballoons.  On  the 
other  hand,  atomization/remelting  proc- 
esses rely  on  sensitively  controlled  levels 
of  dissolved  gas  to  form  porosity  upon  sol- 
idification. 

2.  The  melt  is  filtered  by  such  conventional 
filters  as  glass  or  ceramic  fiber  meshes, 
monolithic  porous  ceramics,  or  granulat- 
ed filter  beds. 

The  lower  end  of  the  crucible  is  de- 
signed to  accommodate  a  variety  of  noz- 
zles for  a  variety  of  microballoon-genera- 
tion  techniques,  using  standard  press  fit  or 
threading  methods.  Gas  is  introduced  to 
the  orifice  through  a  ceramic  or  noble- 
metal  tube  passing  along  the  axis  of  the 
crucible. 

After  iss>  ling  from  the  nozzle  orifice,  the 
microballoons  solidify  by  cooling  in  the 
drop  tower.  As  in  conventional  batch  proc- 
esses, the  drop  tower  has  a  controlled  at- 
mosphere, and  its  temperature  profile  is 
adjusted  to  meet  specific  applications. 
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This  work  was  done  by  Christopher  H. 
Schilling,  MarkC.  Lee,  and  Taylor  G.  Wang 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed 
to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91 125 

Refer  to  NPO-16679/TN 
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Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA91109 
(818)354-2734 
Technology  Utilization 
Mgr  for  JPL:  Norman 
L  Chaltin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Figure  2.  Continuous  Hollow-Jet  Process 

will  produce  microballoons  of  refractory 
metal. 
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Easy-To-Use  Connector-Assembly  Tool 

A  tool  compensates  for  the  user's  loss  of  dexterity  under  awkward  conditions. 


A  handtool  helps  heavily  gloved  workers 
remove  and  replace  electrical  connectors 
and  similar  parts.  It  can  also  be  adapted  to 
handling  and  positioning  extremely-hot  or 
extremely-cold  fluid  lines,  contaminated 
objects,  abrasive  or  sharp  objects,  fragile 
items,  and  soft  objects. 

The  tool  has  jaws  that  swivel  over  180° 
so  that  their  angle  can  be  adjusted  with  re- 
spect to  the  handles.  They  can  thus  be  ori- 
ented and  held  in  a  position  that  is  most 
comfortable  and  effective  for  the  user  in  a 
given  situation.  The  jaws  are  lined  with  rub- 
ber pads  so  that  they  can  conform  to  irreg- 
ularly shaped  parts  and  grip  them  firmly  but 
gently. 

Once  the  tool  engages  a  part,  it  can  be 
locked  on  it  so  that  the  user  can  release  the 
handles  without  losing  the  part.  A  ratchet 
mechanism  in  the  tool  allows  the  user  to 
work  the  handles  back  and  forth  in  a  con- 
fined space  to  connect  or  disconnect  the 
part. 

The  tool  can  be  quickly  positioned, 
locked,  and  released.  It  gives  the  user  a 
feel  of  its  grip  on  a  part.  Unlike  conven- 
tional pliers,  it  frees  the  grasping  muscles 
from  work  during  part  of  the  task,  giving  the 
user  greater  freedom  to  move  the  hand. 
The  tool  can  be  operated  with  only  one 
hand,  leaving  the  user's  other  hand  free  to 
manipulate  wiring  or  other  parts. 

The  user  positions  the  tool  over  a  con- 
nector and  squeezes  the  handles  together. 


This  causes  the  tool  to  grasp  the  connector 
lightly  so  that  the  user  can  check  the  align- 
ment and  seating  of  the  connector  in  the 
jaws.  Once  the  connector  is  in  the  proper 
position,  the  user  squeezes  the  handles 
further,  locking  the  jaws  on  the  connector. 
Using  wrist  action,  the  user  then  twists  the 
connector  shell  into  place  in  the  electrical 
assembly.  The  user  presses  a  release  lever 
with  the  thumb  to  disengage  the  pawl ,  there- 
by releasing  the  jaws  for  removal  of  the  tool 
or  to  relax  the  grip  to  reposition  the  tool  on 


the  part. 

This  work  was  done  by  John  W. 
Redmon,  Jr.,  and  Fred  Jankowski  of  Mar- 
shall Space  Right  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-28237. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  0.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


Handles  and  Jaws  are  linked  by  the  tool  housing,  which  contains  a  ratchet  mechanism. 
Here,  the  jaws  grip  an  electrical  connector. 
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Making  Smaller  Microshells  From  Refractory  Metals 

The  tendency  toward  gas  porosity  would  be  exploited. 


A  proposed  process  for  making  ultra- 
microshells  would  exploit  the  great  de- 
crease in  solubility  of  a  gas  in  a  metal  as 
the  molten  metal  freezes.  The  process 
would  produce  smaller  shells  in  a  greater 
variety  of  materials  than  is  possible  with 
such  current  processes  as  those  based  on 
hollow-jet  instability,  dry-chemical  blowing, 
or  fluid-droplet  drying.  Moreover,  the  shell 
aspect  ratio  (the  ratio  of  the  radius  to  the 
wall  thickness)  would  be  controllable.  The 
new  process  would  make  shells  having  di- 
ameters smaller  than  100  /m  There  are 
several  candidate  shell  materials  including 
refractory  metals. 

Molten  metal  would  be  saturated  with  a 
gas  (hydrogen,  oxygen,  or  nitrogen,  for  ex- 
ample) and  atomized  into  droplets  about  1 0 
to  20  nm  in  diameter.  As  they  fall  in  a  drop 
tube  (see  figure),  the  droplets  would  then 
cool  primarily  by  radiating  heat  so  that  they 
would  solidify  from  the  outside  inward.  As 
the  metal  cools,  much  of  the  dissolved  gas 
would  come  out  of  solution  and  move  to- 
ward the  hotter  region  at  the  center  of  a 
droplet,  where  it  would  form  a  bubble.  The 
result  would  be  a  thick-walled,  hollow 
sphere,  10  to  20  nm  in  diameter,  pressur- 
ized with  gas. 

Substantial  amounts  of  gas  would  be  re- 
leased to  the  droplet  center  by  the  cooling 
metal.  Molten  iron,  for  example,  holds 
27  cm3  of  hydrogen  per  100  grams  at 
1  atm  (105  Pa)  pressure,  but  100  grams  of 
solid  iron  holds  only  7  cm3.  As  much  as 
20  cm3  of  hydrogen  would  therefore  be  re- 
leased by  every  100  grams  of  solidifying 
iron. 

The  shells  thus  formed  would  ordinarily 
have  an  aspect  ratio  less  than  2.  If  a  higher 
ratio  is  wanted,  the  thick-walled  shells 
would  be  remelted  in  a  drop  tube  contain- 
ing a  gas  at  a  reduced  pressure.  The  pres- 
surized core  gas  would  expand  the  shells 
and  thereby  reduce  the  wall  thicknesses. 
The  pressure  and  the  cooling  rate  would  be 
controlled  to  give  the  required  final  size 
and  aspect  ratio. 


Jet  Propulsion  Lab. 
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Falling  Through  a  Drop  Tube,  fine  drops  of  molten  metal  lose  heat  to  the  surroundings,  form- 
ing hard  shells  around  the  precipitated  gas.  A  second  heating/cooling  cycle  in  a  drop  tube  of 
lower  pressure  lets  the  gas  expand. 


This  work  was  done  by  Mark  C.  Lee  and 
Christopher  Schilling  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed 
to 


Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 

Refer  to  NPO-16635/TN 
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Mold  for  Casting 

Radius-Inspection 

Specimens 

Thin  replicas  can  be  viewed  on 
a  comparator  without 
sectioning. 

Inaccessible  regions  on  manufactured 
parts  are  sometimes  inspected  by  making 
castings  of  the  regions  and  then  viewing 
sections  of  the  castings  on  comparators.  A 
special  mold  is  designed  to  make  thin  cast- 
ings that  can  be  viewed  on  a  comparator 
and  that  do  not  have  to  be  sectioned  from  a 
larger  casting.  In  the  situation  in  which  the 
mold  was  conceived,  the  time  required  to 
inspect  elliptical  radii  located  at  the  bot- 
toms of  a  series  of  small  posts  was  re- 
duced from  18  hours  to  3  hours. 

Previously,  the  sections  to  be  inspected 
were  cut  from  castings  that  encircled  the 
posts.  The  casting  and  sectioning  process 
often  gave  poor  results  and  had  to  be  re- 
done. With  the  new  mold,  casting  rarely 
needs  to  be  redone,  and  results  are  more 
accurate  and  repeatable. 

The  new  mold  (see  figure)  is  machined 
from  a  piece  of  transparent  poly(methyl 
methacrylate).  It  fits  around  the  base  of  the 
post.  Two  slots  machined  into  the  inner 
surface  form  channels  for  casting  the  in- 
spection sections.  The  bottom  of  the  mold 
fits  flush  against  the  surface  around  the 
bottom  of  the  post.  In  the  example  shown, 
that  surface  happens  to  be  slanted,  so  the 
mold  automatically  aligns  itself  in  the  prop- 
er orientation. 

This  work  was  done  by  Robert  N.  Ball  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center 
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A  Plastic  Mold  is  used  to  cast  inspection  sections  for  direct  viewing  on  a  comparator.  In  this 
example  the  castings  enable  the  inspection  of  elliptical  radii  at  the  bottoms  of  posts  that  are 
not  accessible  to  direct  inspection. 
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Noncontacting  Inspection  Heads  for  Robots 

A  compact  end  effector  would  contain  sensors. 


A  proposed  compact  assembly  for  the 
hand  of  a  robot  would  include  a  group  of 
sensors  to  monitor  internal  conditions  of 
such  complex  equipment  as  turbines, 
pumps,  motors,  and  generators.  The  in- 
spection head  (see  figure)  could  include 
sensors;  for  example,  pyrometers,  isotope 
wear  analyzers,  spectrometers,  and  inter- 
ferometers. Such  conditions  as  overheat- 
ing of  turbines,  wear  of  ball  bearings  and 
seals,  erosion  of  blades  and  impellers, 
leakage  of  joints,  and  deformations  of 
housings,  could  be  monitored  without  dis- 
assembly or  shutdown.  In  contrast,  current 
robots  equipped  with  no  more  than  vision 
or  range-measurement  systems  cannot 
perform  such  inspections. 

The  proposed  inspection  head  could  be 
used  in  typical  robot  applications,  including 
hazardous  environments  or  assembly 
lines.  Fiber-optic  cables  would  be  used  to 
transmit  sensor  signals  to  an  optoelec- 
tronic interface  for  conversion  to  electrical 
signals  suitable  for  computer  processing. 
The  computer  could  be  programmed  to 


4  in 


^electronic 
interface 


=  Pyrometer 
=  Spectrometer 
=  Extensometer 
=  Flaw  Detector 
=  Vibrometer 
=  Wear  Analyzer 
=  Leak  Detector 
=  Digital  Camera 
=  Sonar  Ranger 
=  Dimension  Mapper 
=  Other 


A  Remote  Inspection  Head  for  robots  would  include  a  variety  of  sensors  housed  in  a  com- 
pact assembly.  Signals  from  the  sensors  would  be  transmitted  via  fiber-optic  cables  to  an      ( 
electro-optical  interface,  converted  to  electrical  signals,  and  sent  to  a  computer  for  proc- 
essing. 


monitor  changes,  signal  abnormal  condi- 
tions, or  prepare  maintenance  instruc- 
tions. 

This  work  was  done  by  Sarkis 


Barkhoudarian  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 

No  further  documentation  is  available. 
MFS-29292/TN 
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Quickly  Removable  Valve 

A  conceptual  unit  could  be  removed  with  minimal  disturbance. 


A  proposed  valve  could  be  quickly  and 
easily  removed  and  replaced  in  a  fluid  line 
without  disturbing  the  mechanical  ar- 
rangement of  the  pipe.  The  valve  would  be 
useful  where  the  disturbance  of  a  fluid  line 
is  detrimental  or  where  fast  maintenance 
is  essential  —  in  the  oil  and  chemical  in- 
dustries, automotive  vehicles,  aircraft,  and 
powerplants,  for  example. 

According  to  the  concept,  the  valve  inlet 


and  outlet  ports  would  be  adjacent  to  each 
other  on  the  same  side  of  the  valve  body 
(see  figure).  The  ports  would  be  inserted  in- 
to a  special  manifold  on  the  fluid  line.  The 
valve  body  would  be  attached  to  the  mani- 
fold by  four  bolts  or,  alternatively,  by  toggle 
clamps.  An  electromechanical  actuator 
could  move  in  a  direction  parallel  to  the 
fluid  line  to  open  and  close  the  valve. 
When  it  is  necessary  to  clean  the  valve, 


it  could  be  removed  simply  by  opening  the 
bolts  or  the  toggle  clamps.  There  would  be 
no  need  to  move  or  separate  the  ports  of 
the  fluid  line. 

This  work  was  done  by  John  S.  Robbins 
of  Rockwell  International  Corp.  for  John- 
son Space  Center.  No  further  documen- 
tation is  available. 
MSC-21237  /TN 
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The  Inlet  and  Outlet  Ports  of  the  quickly  removable  valve  would  be  inserted  into  a  manifold  in  a  fluid  line. 
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Device  Rotates 
Bearing  Balls 
for  Inspection 

The  entire  surface 
of  a  ball  is  inspected 
automatically  and  quickly. 

A  device  holds  and  rotates  a  bearing  ball 
for  inspection  by  an  optical  or  mechanical 
surface-quality  probe,  an  eddy-current 
probe  for  the  detection  of  surface  or  subsur- 
face defects,  or  a  circumference-measur- 
ing tool.  The  device  ensures  that  the  entire 
surface  of  the  ball  is  moved  past  the  in- 
spection head  quickly.  Because  manual  ro- 
tation of  a  ball  is  slower  and  does  not 
always  result  in  inspection  of  the  entire  sur- 
face, the  new  device  saves  time  and  in- 
creases the  reliability  of  inspections  of 
spherical  surfaces. 

The  device  includes  a  counterbalanced 
arm  with  a  rotating-disk  attachment  (see 
figure).  Mounted  on  the  base  of  the  device 
is  a  cylindrical  pedestal  that  seats  a  ball 
and  holds  the  inspecting  transducer  under 
the  ball.  The  arm  is  lowered  to  place  the 
rubber-padded  disk  on  top  of  the  ball.  The 
disk  rotates  and  the  arm  is  swept  horizon- 
tally from  side  to  side,  causing  the  ball  to  ro- 
tate about  rotating  axis.  Although  such  ro- 
tational motion  is  not  strictly  random,  in 
practice  it  brings  the  entire  surface  of  the 
ball  within  range  of  the  inspecting  trans- 
ducer at  some  time  during  the  inspection. 

Interchangeable  pedestals  are  easily 
made  to  accommodate  balls  of  different 
sizes.  The  device  is  simple  to  operate  and 
provides  quick  and  easy  access  for  the 
loading  and  unloading  of  the  balls  during 
the  inspection. 

This  work  was  done  by  R.  K.  Burley  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 

MFS-19717/TN 
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The  Disk  Is  Placed  on  the  Ball,  rotated,  and  swept  from  side  to  side  to  rotate  the  ball  to  all 
orientations  of  interest  for  inspection. 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


46 


Materials 


0047  Consolidation  of  Aluminum  Powder  Metallurgy  Alloys 

0048  Strength  and  Durability  of  Adhesive  Bonded  Ti-6A1  -4V  Joints 

0049  Place  for  Thermoplastic  Composites  in  Structural  Components 

0050  Acrolein  Microspheres  are  Bonded  to  Large-Area  Substrates  —  Reactive 
microspheres  are  bonded  to  inert  substrates.  (Licensing  Opportunity) 

0051  Cold-Worked  Inconel  718  Bars  —  Cold  working  and  double  aging  yield 
high  strength  without  sacrifice  of  resistance  to  corrosion. 

0052  Halogenation  Enhances  Carbon-Fiber/Epoxy  Composites  —  Interlaminar 
shear  strength  is  increased  by  an  inexpensive  treatment. 

0053  Rebound  of  Previously  Compressed  O-Ring  —  The  behavior  over  a 
range  of  temperatures  is  analyzed. 

Testing  &  Instrumentation 

0054  Numerical  Analysis  of  Interlaminar-Fracture  Toughness  —  Finite- 
element  analysis  is  applied  in  conjunction  with  strain-energy  and  mi- 
cromechanical  concepts. 

0055  Ultrasonic  Measurement  of  Silicon-Growth  Interface  —  The  difference  in 
acoustic  impedance  between  the  liquid  and  solid  would  cause  sonar 
reflections. 

0056  Furnace  for  Rapid  Melting  and  Freezing  —  An  experiment  could  be 
conducted  in  less  than  one  minute.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0042    Making  Smaller  Microshells  from  Refractory  Metals  —  The  tendency 
toward  gas  porosity  would  be  exploited.  (Licensing  Opportunity) 


I 


f 


( 


U.S.  Air  Force 

Manufacturing  Technology  Note 

Consolidation  of  Aluminum  Powder  Metallurgy  Alloys 


The  results  of  an  extended  study  of  the  consolidation  of  aluminum  base 
powder  metallurgy  alloys  conducted  at  McDonnell  Douglas  Research 
Laboratories  under  an  Air  Force  Office  of  Scientific  Research  grant 
are  described  in  a  summary  report  issued  in  1987.     The  consolidation 
of  three  alloy  types  was  evaluated  in  this  study;  relatively  high  purity 
aluminum,  an  aluminum-lithium  alloy,  and  dispersion  containing  alloys 
containing  additions  of  iron  and  cerium.     Rapidly  solidified  powders 
of  the  alloys  selected  for  study  were  prepared  by  vacuum  atomization. 
Consolidation  procedures  examined  included  cold  compaction,  vacuum 
hot  pressing,  explosive  compaction,  forging,  and  extrusion.    The  effects 
of  powder  size,  size  distribution,  shape,  surface  oxide  films,  and 
entrapped  hydrogen  on  the  response  to  processing  as  defined  by  micro- 
structural  condition  and  mechanical  properties  after  processing  were 
evaluated. 

The  properties  of  extruded  alloys  were  measured  to  determine  optimum 
processing  conditions  within  the  ranges  studied.     It  was  found  that  the 
optimum  processing  conditions  for  the  Al-3l_i-2Cu-lMg-0.2Zr  alloy, 
for  example,  were  extrusion  at  750  F  (400  C)  at  a  strain  rate  of  0.86/ 
sec  and  a  reduction  ratio  of  16:1.     Material  processed  in  this  way 
showed  the  following  properties  after  solution  heat  treatment  and  aging: 

Ultimate  strength,  81.1  ksi 
Yield  strength,  75.3  ksi 
Elongation,  5.4  percent 
Fracture  toughness,  33  ksi      \/~iri~. 

Also  of  interest  was  the  observation  that  explosive  compacting  provided 
a  high  density  product  exhibiting  up  to  98  percent  of  the  strength  of 
extruded  alloys. 

FOR  ADDITIONAL  INFORMATION:    A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A151990/NAC 

Price  code:     A03 
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Strength  and  Durability  of  Adhesive  Bonded  Ti-6A1-4V 
Joints 

The  results  of  a  study  conducted  at  the  Virginia  Polytechnic  Institute, 
supported  by  the  Office  of  Naval  Research,  over  a  4-1/2  year  period  are 
described  in  a  recent  summary  report.     In  this  study,  the  strength  and 
thermal  stability  of  single  lap  joints  were  examined  as  a  function  of 
chromic  acid  anodizing  procedures  and  the  type  of  elevated  temperature 
adhesive  used. 

The  addition  of  a  small  amount  of  hydrofluoric  acid  to  the  chromic  acid 
bath  was  found  to  be  essential  to  achieving  a  good  quality  bond.     Two  ml 
of  49  percent  HF  was  added  to  the  750  ml  chromic  acid  bath  just  prior  to 
the  beginning  of  the  anodizing  process.     This  resulted  in  a  significant 
increase  in  the  thickness  and  porosity  of  the  oxide  film  that  was  produced. 

The  elevated  temperature  stability  of  the  lap  joints  was  determined  by 
exposing  anodized  and  adhesively-bonded  single  lap  joints  to  a  temperature 
of  400  F  for  9  months.     Bonds  were  considered  to  be  good  quality  if  the 
strength  exceeded  1000  psi  after  exposure.     Of  six  elevated  temperature 
adhesives  examined,  polysulfone,  polyethersulfone,  polyphenylquinoxaline, 
polyethermide  (both  unfilled  and  filled  with  20  percent  glass),  and 
polyimide  (filled  with  50  percent  calcium  carbonate),  only  the  filled  poly- 
imide  failed  to  produce  bonds  that  exceeded  the  desired  strength  after 
thermal  exposure. 

The  report  includes  a  thorough  description  of  the  characteristics  of  both 
the  anodized  layer  and  the  adhesive  bonding  material  as  well  as  descriptions 
of  the  processes  used  to  prepare  the  single  lap  joints. 

FOR  ADDITIONAL  INFORMATION:    A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:    ADA183054/NAC 

Price  code:     A17 
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Place  for  Thermoplastic  Composites  in  Structural 
Components 


A  report  examines  the  emerging  field  of  thermoplastic  composite 
materials  and  presents  several  conclusions  regarding  the  potential  of 
these  materials  for  future  applications. 

Thermoplastic  composites  possess  a  combination  of  properties  that 
appear  to  be  superior  to  currently  used  materials  for  some  aerospace 
and  land-based  applications.     Significant  attributes  include  higher  heat 
resistance  and  greater  impact  strength  than  are  possessed  by  current 
composites  incorporating  conventional  thermosetting  polymers.     For 
example,  service  temperatures  of  350°F  (compared  to  200°F)  and 
toughness  about  2  to  3  times  that  of  composites  made  from  epoxies 
are  possible.     Better  manufacturability  may  alone  provide  the  major 
reason  for  using  thermoplastics.     However,  since  these  composites 
are  relatively  new,  unanswered  questions  remain  about  processibility, 
solvent  resistance,  and  optimum  compositions.     Thermoplastic 
composites  have  likewise  demonstrated  a  potential  for  improved 
durability  and  favorable  economics.     Again,  however,  the  limited 
data  base  and  lack  of  industrial  experience  make  uncertain  any  pre- 
diction as  to  their  probable  success. 

The  report  discusses  both  short-  and  long-fiber-reinforced  composites. 
Only  long-fiber  composites  have  strength  properties  superior  to  those 
of  aluminum  alloys,  thus  making  them  of  interest  as  components  of 
primary  structures  (where,  indeed,  the  weight  savings  over  aluminum 
alloys  range  from  25  to  50  percent).     Nevertheless,  short-fiber-reinforced 
thermoplastic  composites  are  used  in  secondary  structures  where  the 
tensile  loading  is  less  than  30,000  psi. 

In  broad  general  terms,  it  was  concluded  that  thermoplastic  composites 
have  potential  for  significanly  improved  durability  over  thermoset 
materials.     In  addition,  significant  reductions  in  manufacturing  costs 
are  possible  if  large-scale  processing  techniques  for  long-fiber  thermo- 
plastic composites  could  be  developed.     The  promise  already  exhibited 
by  thermoplastic  composites  is  sufficient  to  lead  to  strong  recommenda- 
tions for  specific  studies  that  could  accelerate  confidence  in  their  use. 

The  report  generally  recommends  that  the  research  and  programs  needed 
to  move  thermoplastic  composite  materials  to  an  equivalent  level  of 
acceptance  with  contemporary  thermoset  systems  be  pursued.     The 
committee's  highest  priority  recommendation  was  that  significant  invest- 
ment be  made  in  the  development  of  innovative  large-scale  processing 
techniques  for  cost-effective  manufacturing  of  long-fiber  thermoplastic 
composite  components.     Other  important  recommendations  include 
development  of  characterization  methods  and  limited  data-base  develop- 
ment for  the  currently  available  advanced  thermoplastic  composites  to 
assess  their  relative  merits.     Innovative  joining  processes  should  also  be 
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investigated,  including  mechanical  fastening  and  bonding.     The  most 
difficult  recommendation  to  pursue  is  the  development  of  new  synthesis 
methods  that  use  low-melting-point  starting  materials  that  polymerize 
to  high-molecular-weight  polymers  without  evolution  of  volatiles. 

The  use  of  composites  in  military  and  aerospace  applications  is  determined 
principally  by  performance;  cost  is  generally  of  secondary  importance. 
The  subsequent  development  of  low-cost  raw  materials  and  cost-effective 
manufacturing  techniques  traditionally  leads  to  the  use  of  these  composites 
in  industrial  applications.    In  view  of  their  fabricability,  strength,  light 
weight,  and  corrosion  resistance,  such  materials  might  offer  advantages 
over  existing  materials  in  a  variety  of  nonmilitary  applications  (for 
example,  in  components  for  cars,  buses,  and  trains  and  in  piping  and 
structural  elements  in  buildings. 

The  characteristics  and  properties  of  thermoplastic  polymers  are 
described  and  compared  with  those  of  thermosets.     Processing  techniques, 
fabrication  mechanisms,  joining  methods,  and  quality  control  technology 
are  also  discussed. 

FOR  ADDITIONAL  INFORMATION:    A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:    AD-A189149/8/NAC 

Price  code:     A07 
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Acrolein  Microspheres  Are 
Bonded  to  Large- 
Area  Substrates 

Reactive  microspheres  are 
bonded  to  inert  substrates. 

A  new  process  grafts  reactive  micro- 
spheres of  known  size  onto  large-area  poly- 
meric spheres  or  films.  The  polymer  surface 
is  thus  given  desired  functional  properties, 
and  the  effective  surface  area  is  increased. 

Reactive  cross-linked  microspheres  are 
produced  under  the  influence  of  ionizing 
radiation  in  aqueous  solutions  of  unsatu- 
rated aldehydes,  such  as  acrolein,  with  so- 
dium dodecyl  sulfate.  The  diameters  of  the 
spheres  depend  on  the  concentrations  of 
the  ingredients  and  generally  range  from 
400  A  to  as  small  as  50  A.  If  a  polystyrene, 
polymethylmethacrylate,  or  polypropylene 
object  is  immersed  in  the  solution  during  ir- 
radiation, microspheres  become  attached 
to  its  surface.  The  resulting  modified  sur- 
face has  a  grainy  coating  with  a  reactivity 
similar  to  that  of  the  free  microspheres. 

The  aldehyde-substituted-functional  mi- 
crospheres react  under  mild  conditions 
with  a  number  of  organic  reagents  and 
with  most  proteins.  Microsphere-coated 
macrospheres  or  films  can  therefore  be 


used  to  to  immobilize  high  concentrations 
of  proteins,  enzymes,  hormones,  viruses, 
cells,  and  a  large  number  of  organic  com- 
pounds. Potential  applications  include 
separation  techniques,  clinical  diagnostic 
tests,  catalytic  processes,  and  battery  sep- 
arators. 

777/s  work  was  done  by  Alan  Rembaum 
and  Richard  C.  K.  Yen  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Title  to  this  invention,  covered  by  U.S. 
Patent  No.  4,534,996,  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act [42  U.S.C.  2457(f)]. 
Inquiries  concerning  licenses  for  its  com- 
mercial development  should  be  addressed 
to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-1 5635 /TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Cnapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Cold-Worked 
Inconel*  718  Bars 

Cold  working  and  double 
aging  yield  high  strength 
without  sacrifice  of 
resistance  to  corrosion. 

A  report  presents  data  on  the  mechani- 
cal properties  and  the  stress-corrosion  re- 
sistance of  triple-melted,  solution-treated, 
work-strengthened,  direct-double-aged  In- 
conel* 718  alloy.  (The  triple  melting  con- 
sists of  vacuum  induction  melting,  electro- 
slag  remelting,  and  vacuum  arm  remelting.) 
The  data  indicate  an  advance  in  the  proc- 
essing of  large-diameter  [4.00-in.  (10.1&cm) 
and  5.75-in.  (14.60-cm)]  bars.  The  new 
process  increases  the  yield  strength  with- 
out reducing  the  elongation,  reduction  of 
area,  and  grain  size. 

Inconel*  718  is  a  nickel-base,  austenitic, 
precipitation-hardenable  alloy  developed 
in  the  late  1950's.  It  possesses  high 
strength  and  high  resistance  to  corrosion 
and  is  used  in  the  temperature  range  from 
-  423  to  + 1 ,300  °F  ( -  253  to  +  704  °C). 


In  high-strength  fasteners,  the  alloy  has 
been  limited  to  relatively  small  diameters 
because  of  restrictions  imposed  by  coid 
working  and  hot  heading.  Large-diameter 
bar  material  has  been  limited  to  solution 
treating  and  aging  because  cold  working 
produces  a  loss  in  reduction  of  area,  loss  in 
elongation,  and  increased  grain  size. 

The  new  process  makes  it  possible  to 
work-strengthen  Inconel*  718  without  the 
usual  disadvantages.  In  specimens  tested 
at  room  temperature,  the  average  longitu- 
dinal ultimate  tensile  and  yield  strengths 
were  about  217  and  191  ksi  (1.50  and  1.32 
GPa),  respectively.  Charpy  V-notch  impact 
and  compact  tension  tests  at  -100°F 
(-73°C)  were  equally  impressive:  they 
showed  little  degradation  in  toughness 
with  decreasing  temperature.  Moreover, 


after  exposure  of  180  days  to  salt  fog,  there 
were  no  tensile  failures  or  loss  of  mechani- 
cal properties. 
*  Inconel  is  a  registered  trademark  of  the 

Inco  family  of  companies. 

This  work  was  done  by  J.  W.  Montano 
of  Marshall  Space  Right  Center.  Fur- 
ther information  maybe  found  in  NASA  TP- 
2634  [N8&30753/NSP],  "A  Mechanical 
Property  and  Stress  Corrosion  Evaluation 
of  VIM-ESR-VAR  Work  Strengthened  and 
Direct  Double  Aged  Inconel  718  Bar  Ma- 
terial." 

Copies  may  be  purchased  [Price  Code: 
A03]  from  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia  22161 
Telephone  No.  (703)  487-4650.  Rdf 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700.     MFS-27171/TN 
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Halogenation  Enhances  Carbon-Fiber/Epoxy  Composites 

Interlaminar  shear  strength  is  increased  by  an  inexpensive  treatment. 


Recent  work  has  identified  a  new,  rela- 
tively-inexpensive surface  treatment  for 
carbon  fibers  that  enhances  the  interlami- 
nar shear  strength  (ILSS)  without  altering 
the  tensile  strength  significantly.  One  of  the 
factors  that  limits  the  usefulness  of  carbon- 
fiber/epoxy  composites  is  the  compara- 
tively poor  strength  of  the  bond  between 
the  fibers  and  the  matrix,  often  measured 
in  terms  of  the  ILSS.  For  example,  conven- 
tional S-glass  fiber  composites  typically 
have  an  ILSS  on  the  order  of  15  kpsi  (100 
MPa),  while  untreated  carbon-fiber  com- 
posites can  have  ILSS  as  low  as  4  kpsi  (28 
MPa). 

Many  different  surface  treatments  have 
been  proposed  to  improve  the  interfacial 
bond  between  the  fiber  and  the  matrix  by 
either  modifying  the  functional  groups  on 
the  surface  of  the  fiber  or  by  enhancing 
the  surface  area  of  the  fiber.  These  include 
wet  and  dry  oxidative  etching,  chemical- 
vapor  deposition,  whiskerizing,  and  a  multi- 
tude of  polymer  coatings.  Although  three- 
fold to  fivefold  improvements  in  ILSS  can 
be  achieved  with  some  of  these  surface 
treatments,  the  treatment  process  often 
degrades  the  tensile  strength  or  is  prohibi- 


tively expensive. 

The  exposure  of  polyacrylonitrile-based 
T-300  (or  equivalent)  fibers  to  bromine 
vapor  at  room  temperature  improves  the 
ILSS  of  epoxy  composites  made  from 
these  fibers  by  30  percent,  from  an  aver- 
age of  7.7  kpsi  (53  MPa)  to  10.0  kpsi  (69 
MPa),  as  shown  in  the  figure.  The  mecha- 
nism responsible  for  the  improvement  is 
still  under  investigation.  The  improvement 
may  be  due  to  adsorbed  or  reacted  bro- 
mine on  the  surface  of  the  carbon  fibers  or 
to  an  increase  in  the  surface  area  of  the 
carbon  fibers  as  a  result  of  exposure  to 
bromine.  Amoco  pitch-based  P-100  (or 
equivalent)  fibers  show  similar  results  but 
to  a  lesser  degree.  The  ILSS  of  the  P-100  in- 
creases from  3.8  kpsi  (26  MPa)  to  4.5  kpsi 
(31  MPa).  The  effect  of  bromination  on  the 
tensile  strength  of  the  composite  samples 
is  minimal:  122±16kpsi  (840±110MPa) 
for  the  pristine  P-100  composite  compared 
to  122  ±7  kpsi  (840  ±48  MPa)  for  the  bro- 
minated  P-100  composite.  The  enhanced 
ILSS  obtained  from  the  halogenation  of 
carbon  fibers  may  prove  to  be  beneficial  in 
many  aerospace  and  terrestrial  applica- 
tions. 
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tine and  brominated  samples  of  composite 
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This  work  was  done  by  Donald  A. 
Jaworske  and  Raymond  D.  Vannucci  of 
Lewis  Research  Center  and  Reza 
Zinolabedini  of  Cleveland  State  University. 
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Rebound  of  Previously  Compressed  O-Ring 


The  behavior  over  a  range  of 
temperatures  is  analyzed. 

A  report  presents  a  theoretical  and  ex- 
perimental analysis  of  the  relaxation 
characteristics  of  an  O-ring  of  vinylidene 
fluoride/hexafluoropropylene  copolymer  of 
the  same  composition  as  that  used  in  the 
solid  rocket  boosters  on  Space  Shuttle 
flight  51  -L  The  study  covers  the  range  of 
temperatures  from  10  to  120  °F  (- 12  to 
49  °C). 

The  O-rings  had  a  circular  cross  section, 
0.28  in.  (7.1  mm)  in  diameter.  The  O-rings 
were  initially  compressed  0.04  in.  (1.0  mm) 
for  2  h  by  a  flat  plate.  The  equivalent  stiff- 
ness for  a  1-in.  (2.54-cm)  segment  of  the 
O-ring  was  812.5  lb/in.  (1.423  x  105  N/m). 
The  relaxation  data  cover  the  interval  from 
0  to  1  s  after  removal  of  the  compressive 
force.  The  magnitude  of  the  initial  rebound 
decreased  from  over  0.02  in.  (0.5  mm)  at 
120  °F  (49  °C)  to  essentially  0  at  25  °F 
(-4°C)  and  below.  The  glass-transition 
temperature  of  the  material  is  10  °F 
(-12°C). 

The  analysis  indicates  that  two  different 


mechanisms  are  involved  in  the  response 
of  the  O-ring  when  a  compressive  force  on 
the  O-ring  material  is  removed.  When  com- 
pressed, the  material  takes  a  set,  which 
becomes  the  new  short-term  equilibrium 
position.  During  the  first  2  to  3  ms  after 
release,  the  rebound  is  dominated  by  over- 
damped  elastic  motion  toward  the  short- 
term  equilibrium  position.  After  that,  the 
response  is  dominated  by  a  classic  creep 
as  the  material  relaxes  toward  its  original 
shape. 

The  set  position,  the  initial  response, 
and  the  final  relaxation  position  all  depend 
on  both  the  temperature  and  the  duration 
of  the  previous  compression.  The  lower  the 
temperature,  the  larger  the  set,  the  smaller 
the  initial  response,  and  the  larger  the  dif- 
ference between  the  initial  position  before 
compression  and  the  final  relaxation  posi- 
tion. 

The  report  presents  a  one-dimensional 
mathematical  model  of  the  response  that 
provides  for  both  the  elastic  response  and 
the  creep.  The  parameters  of  the  model 
that  depend  on  the  temperature  include 
the  relaxation  position  after  2  min,  the 


short-term  equilibrium  set  position,  the 
damping  coefficient,  and  the  creep-retar- 
dation factor.  These  parameters  are  repre- 
sented by  second-,  fourth-,  second-,  and 
second-order  power  series  in  the  tempera- 
ture, respectively,  fitted  to  experimental 
data.  Graphs  show  the  data  and  the  fitted 
curves  for  each  of  these  expressions. 
Other  graphs  show  the  measured  dis- 
placement versus  time  during  rebound 
and  the  corresponding  curves  from  the 
model  for  various  temperatures.  Trie  data 
and  the  curves  from  the  model  agree 
closely. 

This  work  was  done  by  Carleton  J. 
Moore  of  Marshall  Space  Flight  Center. 
Further  information  maybe  found  in  NASA 
TM-86582[N87-24985/NSP],  "SRB  O-Ring 
Free  Response  Analysis." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  [A03] 
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Numerical  Analysis  of  Interlaminar-Fracture  Toughness 


Finite-element  analysis  is  applied  in  conjunction  with 
strain-energy  and  micromechanical  concepts. 


Force 


A  computational  procedure  has  been 
developed  for  the  study  of  the  interlaminar- 
fracture  toughnesses  of  unidirectional-fi- 
ber composite  materials  in  end-notch  flex- 
ure (ENF)  and  mixed-mode  flexure  (MMF). 
Because  interlaminar  fracture  (that  is,  de- 
lamination)  is  an  important  failure  mode,  an 
understanding  of  it  is  necessary  for  the 
design  of  composite  structures.  The  new 
computational  procedure  assists  in  the  in- 
terpretation of  the  ENF  and  MMF  fracture 
tests  (see  Figure  1)  that  are  performed  to 
obtain  fracture-toughness  parameters,  by 
enabling  the  evaluation  of  the  states  of 
stress  that  are  likely  to  induce  interlaminar 
fractures. 

Apie  computational  procedure  involves 
^rc  local  method,  the  local-crack-closure 
method,  and/or  the  "'unique"  local-crack- 
closure  method  developed  at  NASA  Lewis 
Research  Center,  for  the  mathematical 
modeling  of  ENF  and  MMF.  These  meth- 
ods are  based  on  three-dimensional  finite- 
element  analysis  in  conjuction  with  the 
concept  of  the  strain-energy-release  rate 
and  with  the  micromechanics  of  compos- 
ite materials. 

The  global  method  yields  the  global  frac- 
ture toughness,  without  regard  to  partici- 
pating or  dominating  local  fracture  modes. 


The  local-crack-closure  method  yields 
both  the  global  fracture  toughness  and 
the  contribution  of  each  local  fracture 
mode  to  interlaminar  or  mixed-mode  frac- 
ture toughness.  The  NASA  Lewis  "unique" 
local-crack-closure  method  is  a  variation  of 
the  local-crack-closure  method.  The  meth- 
od involves  the  use  of  a  single-point  con- 
straint force  in  the  finite-element  analysis, 
is  conceptually  simpler  than  the  local- 
crack-closure  method,  and  preserves  the 
monotonicity  of  the  increasing  displace- 
ment under  the  applied  load  as  the  crack 
extends.  In  contrast,  the  local-crack-clo- 
sure method  sometimes  erroneously 
yields  a  reversal  of  this  displacement. 

The  computational  procedure  was  test- 
ed on  the  mathematical  specimen  shown 
in  Figure  2.  The  numerical  results  led  to  the 
following  conclusions  (among  others): 

•  The  significant  properties  associated  with 
interlaminar-f  racture  toughness  are  the  in- 
terlaminar shear  strength,  the  transverse 
tensile  strength,  the  thickness  of  the  inter- 
ply  layer,  and  the  ratio  of  the  volume  of  fi- 
bers to  the  total  volume  of  the  composite. 

•  Any  of  the  three  methods  can  be  used  to 
determine  the  strain-energy-release  rate, 
but  only  the  local  methods  give  the  contri- 
butions of  individual  fracture  modes. 
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MIXED-MODE-FLEXURE  TEST 

Figure  1.  The  End-Notch-Flexure  and  Mixed- 
Mode-Flexure  Tests  are  performed  on  spec- 
imens of  standard  size  and  shape  to  deter- 
mine fracture-toughness  parameters  and 
other  mechanical  properties. 

•  In  comparison  with  the  local  methods,  the 
global  method  predicts  a  higher  strain-en- 
ergy-release rate  during  slow  and  stable 
crack  growth,  but  the  predictions  of  all 
three  methods  converge  during  unstable 
crack  growth. 

•  The  strain-energy-release  rates  predicted 
for  the  shear  and  mixed  shear/double-can- 
tilever-crack-opening modes  of  interlami- 
nar fracture  are  in  good  agreement  with 
the  limited  experimental  data  available. 

•The  shear  mode  dominates  in  ENF,  while 
the  double-cantilever-crack-opening 
mode  dominates  the  unstable  crack 
growth  in  MMF. 

•  Unstable  shear-mode  crack  growth  oc- 
curs in  ENF  when  the  interlaminar  shear- 
stress  intensity  exceeds  the  correspond- 
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Figure  2.  This  Finite-Element  Mathematical  Model  of  a  test  specimen  like  those  of  Figure  1  was  used  to  test  the  mathematical  methods  for 
the  prediction  of  fracture  in  ENF  and  MMF. 


54 


ing  shear  strength. 

•  Mixed-mode  unstable  growth  of  the  crack 
occurs  in  MMF  when  the  through-the- 
thickness  normal  stress  intensity  exceeds 
its  corresponding  transverse  tensile 
strength. 

•The  critical  strain-energy-release  rates 
and  their  attendant  crack  lengths  asso- 


ciated with  fractures  in  ENF  and  MMF  can 

be  calculated. 

This  work  was  done  by  C.  C.  Chamis  of 
Lewis  Research  Center  and  P.  L.  N. 
Murthy  of  Cleveland  State  University.  Fur- 
ther information  may  be  found  in  NASA 
TM-87138  [N8&14316/NSP],  Interlaminar 
Fracture  Toughness:  Three-Dimensional 


Finite-Element  Modeling  for  End-Notch 
and  Mixed-Mode  Flexure. " 

Copies  may  be  purchased  [Price  Code: 
A03]  from  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia  22161, 
Telephone  No.  (703)  487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700.     LEW  14590/TN 
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Ultrasonic  Measurement  of  Silicon-Growth  Interface 

The  difference  in  acoustic  impedance  between  the  liquid  and  solid  would  cause  sonar  reflections. 


The  position  of  the  interface  between  a 
silicon  melt  and  a  growing  ribbon  of  silicon 
can  be  measured  with  the  aid  of  reflected 
ultrasound,  according  to  a  proposal.  The 
reflections  would  also  reveal  characteris- 
tics of  the  ribbon  and  the  melt.  The  data 
from  the  ultrasonic  measurements  would 
be  used  to  control  such  parameters  of  the 
growth  process  as  the  rate  of  pull  and  the 
temperature  of  the  melt,  to  promote  fast 
production  of  high-quality  single-crystal 
material.  It  would  no  longer  be  necessary 
to  rely  on  indirect  measurements  to  esti- 
mate the  position  of  the  liquid/solid  inter- 
face. 

To  protect  the  ultrasonic  equipment 
from  the  high  melt  temperature,  buffer 
rods  would  be  used  to  conduct  the 
ultrasonic  pulses  to  and  from  the  silicon 
seed  crystal.  The  seed  would  be  immersed 
in  the  melt  and  withdrawn  from  it  in  the 
usual  way,  carrying  a  ribbon  of  single-crys- 
tal silicon  with  it.  The  ultrasonic  pulses 
would  be  transmitted  into  the  growing  rib- 
bon, then  reflected  from  the  features  in  the 
ribbon  and  melt  back  to  the  transducers 
(see  figure).  A  sonarlike  calculation  based 
on  the  speed  of  sound  in  the  medium  and 
the  elapsed  times  between  transmission  of 
a  pulse  and  reception  of  its  reflections 
would  give  the  distances  to  the  liquid/solid 
interface,  inhomogeneities  in  the  melt,  and 
other  features. 

This  work  was  done  by  Richard  C. 
Heyser  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17076/TN 
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Ultrasound  Pulses  Would  Travel  Through  Rods  to  a  silicon  ribbon  growing  by  the  dendritic- 
web  process.  The  rods  would  return  reflections  of  the  pulses  to  the  sonic  transducers.  The 
rods  would  isolate  the  transducers  thermally,  but  not  acoustically,  from  the  hot  silicon  melt. 
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Furnace  for  Rapid  Melting  and  Freezing 

An  experiment  could  be  conducted  in  less  than  1  minute. 


A  proposed  furnace  would  rapidly  heat 
and  cool  specimens  in  material-process- 
ing experiments.  The  furnace  would  be 
particularly  useful  for  experiments  that  re- 
quire the  artificial  low  gravitation  produced 
by  flying  KC-135  airplanes  in  parabolic  tra- 
jectories. To  prevent  gravitationally  driven 
sedimentation  and  convection,  the  melting 
of  a  sample  must  be  started  after  the  air- 
plane has  entered  the  trajectory,  and  the 
sample  must  be  completely  frozen  before 
the  airplane  reaches  the  end  of  the  trajec- 
tory, which  usually  lasts  no  longer  than  30 
seconds. 

Specimens  would  be  assembled  by 
placing  the  mixtures  of  materials  to  be 
melted  in  disk-shaped  crucibles.  A  large 
disk  area  would  be  used  to  facilitate  the 
transfer  of  heat  to  and  from  the  specimens, 
and  the  disk  would  be  thin  to  minimize  the 
heating  and  cooling  time.  Before  an  experi- 
ment, a  crucible  would  be  fastened  to  the 
end  of  a  specimen  holder  in  the  lower  zone 
of  the  furnace,  and  the  furnace  would  be 
preheated  to  a  temperature  somewhat 
below  the  melting  temperature  of  the  spec- 
imen (see  figure). 

In  preparation  for  the  experiment,  a 
block  of  large  thermal  mass  and  high  ther- 
mal conductivity  (for  example  SiN  or  SiC)  in 


the  upper  zone  of  the  furnace  would  be 
preheated  above  the  melting  temperature. 
Immediately  after  the  beginning  of  the  brief 
experimental  interval,  the  furnace  would 
be  moved  downward  to  bring  the  speci- 
men into  contact  with  the  preheated  mass. 
A  contact  pad  made  of  metallic  mesh  or 
other  porous,  flexible  material  filled  with 
molten  gallium  or  other  liquid  of  low  vapor 
pressure  would  speed  the  transfer  of  heat 
to  the  specimen.  The  specimen  would  be 
held  in  this  position  until  it  melted  com- 
pletely. 

The  furnace  would  then  be  retracted 
from  around  the  specimen.  To  quench  the 
specimen  rapidly,  a  flow  of  cooling  gas 
would  be  directed  onto  one  face  of  the 
crucible  through  a  distributor  in  the  speci- 
men holder,  while  an  external  distributor 
would  direct  the  cooling  gas  at  the  other 
face.  The  crucible  would  then  be  detached 
from  the  holder  and  replaced  by  the  cruci- 
ble for  the  next  experiment. 

The  use  of  the  furnace  would  be  a  rel- 
atively inexpensive  alternative  to  longer 
low-gravity  experiments  in  orbit  or  in  para- 
bolic rocket  trajectories.  Many  experi- 
mental materials  could  be  processed  in  the 
furnace,  including  oxidation-resistant  su- 
peralloys  with  dispersions  of  refractory 


powders,  fiber-reinforced  glasses  and  ce- 
ramics, electrical  contacts  with  refractory 
powders  dispersed  in  lower-melting-tem- 
perature conductors,  high-temperature 
superalloys  reinforced  by  ceramic  fibers, 
ceramic/metal  dispersions,  immiscible 
glasses,  alloys  of  immiscible  metals,  and 
foamed  ceramics  and  metals. 

This  work  was  done  by  Edwin  C. 
Ethridge  of  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel.  Marshall 
Space  Flight  Center. 
Refer  to  MFS-28195/TN 
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Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Detail  A 
MAGNIFIED  VIEW  OF  SPECIMEN  BEING  COOLED 


Cooling  Gas  In 


A  Preheated  Specimen  Would  Be  Heated  Rapidly  above  its  melting  temperature  by  contact  with  a  hotter,  more  massive  object.  Once  molten, 
it  would  be  cooled  rapidly  with  flowing  gas. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 


High-Resolution  Structure  For  Chymosin  Solved 


By  solving  a  high-resolution  structure  for  a  cloned  version  of  the  cheese- 
producing  enzyme  chymosin,  researchers  at  the  Center  for  Advanced 
Research  in  Biotechnology  (CARB)  have  added  this  fundamental  protein 
to  the  growing  list  of  biologically  active  molecules  with  know  structures. 

Chymosin,  or  rennin,  was  originally  prepared  from  the  stomach  linings 
of  calves  for  the  making  of  cheese,   and  is  one  of  the  oldest  commercial 
enzymes.     Working  with  cloned  chymosin  expressed  in  E.  Coli  bacteria, 
Dr.  Gary  Gilliland  and  colleagues  at  the  National  Bureau  of  Standards 
(NBS)  and  CARB  mapped  the  structure  of  the  enzyme  with  a  resolution 
of  approximately  2.3  angstroms—comparatively  high  resolution  for  a 
protein  of  323  amino  acids.     The  cloned  chymosin  was  prepared  by 
the  Genex  Corporation. 

Chemical  techniques  for  determining  the  composition  of  proteins--the 
sequence  of  amino  acids  that  make  up  the  molecule— are  fairly  well 
developed.     Determining  the  structure  of  the  protein,  the  3-dimensional 
configuration  of  the  molecule,  is  much  less  straightforward.     This  is  in 
part  because  the  most  exact  techniques,  x-ray  and  neutron  crystallography, 
depend  on  being  able  to  crystallize  the  protein,  something  which  is  still 
more  of  an  art  than  a  science. 

Chymosin  belongs  to  a  class  of  enzymes  called  acid  proteases  which  have 
a  number  of  interesting  functions,  according  to  Gilliland.     Chymosin  itself 
is  interesting  because  the  particular  cloned  version— bovine  pancreatic 
chymosin— is  the  best  enzyme  for  producing  several  different  types  of 
cheese,  and  just  what  makes  it  the  best  is  a  matter  of  some  commercial 
interest. 

In  addition,  a  similar  enzyme,  renin,  is  found  in  the  blood,  and  plays  a  role 
in  regulating  blood  pressure.     An  accurate  structure  for  chymosin  can  be 
one  step  on  the  path  to  developing  extremely  specific  drugs  for  treating 
high  blood-pressure. 

More  generally,  according  to  Gilliland,  accurate  structural  information  on 
chymosin  will  contribute  to  understanding  what  governs  the  shape  of  pro- 
teins. 

"The  'folding  problem'— how  the  amino  acid  sequence  determines  the 
structure— is  one  of  the  biggest  problems  in  biology  today,"  observes 
Gilliland.     "You  have  a  linear  sequence  of  amino  acids  that  somehow  carries 
the  information  for  the  three-dimensional  structure  of  the  protein.     The 
rules  that  govern  protein  folding  are  very  crudely  understood  at  present, 
and  an  important  aspect  of  our  work  is  the  contribution  to  the  data  needed 
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to  determine  these  rules." 

The  chymosin  structure  was  determined  by  Gilliland;  Alex  Wlodawer,  Director 
of  the  Crystallography  Lab  at  the  National  Cancer  Institute  Frederick  Cancer 
Research  Facility;  Joseph  Nachman,  a  guest  scientist  from  Israel;  and  Evon  f 

Windborne  of  The  University  of  Maryland. 

CARB  is  a  cooperative  research  organization  founded  by  NBS,  The  University 
of  Maryland,  and  Montgomery  County,  MD.     The  center,  which  emphasizes 
interdisciplinary  research  on  protein  structure  and  biological  function, 
welcomes  collaborative  research  arrangements  with  academic,  government, 
and  industrial  laboratories. 

Other  proteins  under  study  at  CARB  include  ribonuclease,  another  digestive 
protein;  cytochrome  P450,  an  important  enzyme  in  detoxification  and  car- 
cinogenesis; and  beta-lactamase,  a  protein  used  by  bacteria  to  inactivate 
antibiotics. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  Gary  Gilliland,  Physics  Building,  Room  A309,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975- 
2981. 


Technology  Application 


Oak  Ridge  National  Laboratories 


APIS:  AN  ACOUSTICAL  SYSTEM  FOR  IDENTIFICATION  OF 
SUBSPECIES  OF  HONEYBEES 


Key  words:  Honeybees;  Africanized  bees; 
acoustical  signatures;  field  monitor 


The  Acoustical  Peak  Identification  System 
(APIS)  is  a  simple,  inexpensive,  field-portable 
instrument  based  on  acoustical  signature 
techniques  developed  for  screening  identification 
of  selected  subspecies  of  honeybees  (Fig.  1). 
APIS  indicates  the  spectral  content  of  the 
fundamental  power  peaks  for  sounds  made  by 
bees  in  flight.  The  spectral  content  of  the  flight 
sounds  for  each  subspecies  can  generally  be 
correlated  to  characteristic  taxonomical  features 
(such  as  wing  size,  body  weight,  and  thorax 
dimensions)  and  to  physical  behavior  (such  as 
foraging  and  stinging). 

APIS  was  developed  specifically  to  distinguish 
between  Apis  mellifera  scutellata  (the  so-called 
African  bee).  Apis  mellifera  mellifera  (the  so-called 
European/Italian  bee),  and  the  "Africanized" 
genetic  crosses  of  these  two  subspecies.  A.m. 
scutellata  was  introduced  into  South  America 
about  30  years  ago,  and  their  progeny  have  now 
established  feral  populations  in  most  of  South 
and  Central  America.  These  Africanized  bees  are 
now  in  Mexico,  and  their  migration  into  the 
United  States  is  expected  by  1989  or  1990. 

The  extremely  aggressive  behavior  of  the 
migrating  Africanized  honeybees  relative  to  the 
behavior  of  existing  populations  of  European 


honeybees  in  the  United  States  will  cause  major 
public  health  concerns  and  may  seriously  impact 
agricultural  productivity.  These  impacts  will  likely 
result  in  extensive  programs  for  control  and 
eradication  of  the  Africanized  population.  An 
essential  capability  for  all  programs  will  be 
species  identification.  Several  identification 
techniques  have  been  developed  that  involve 
sophisticated  analytical  equipment  and  highly 
trained  personnel,  but  these  methods  are 
impractical  for  screening  and  field-survey 
programs.  A  simple,  easy-to-operate, 
inexpensive,  and  field-portable  instrument  that 
provides  reliable  identification  is  needed;  APIS 
meets  those  criteria. 

APIS  is  a  useful  tool  for  beekeepers, 
regulators,  and  researchers.  The  beekeeping 
industry,  especially  bee  breeders,  could  use  this 
device  to  determine  the  subspecies  of  honeybees 
residing  in  their  hives.  APIS  would  enable 
beekeepers  to  verify  the  continued  presence  of 
the  preferred  subspecies  when  their  hives  are  in 
the  presence  of  a  feral  population  of  Africanized 
honeybees. 

Regulatory  groups  concerned  with  controlling 
the  population  of  Africanized  honeybees  while 
maintaining  a  viable  population  of  European 
honeybees  could  use  APIS  to  determine  which 
colonies  should  be  controlled.  Regulatory  groups 
could  also  monitor  foraging  bees  to  determine 
relative  population  densities  of  various  species. 
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Fig.  1.  The  APIS  device. 


These  regulatory  uses  would  benefit  local,  state, 
and  federal  programs.  Researchers  whose 
projects  are  directed  toward  issues  of  species 
comparison  could  use  APIS  for  field  survey  of 
foragers,  for  specimen  identification,  and  perhaps 
to  detect  morphological  variations. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 


H.  T.  Kerr  and  M.  E.  Buchanan,  "Acoustical  Identification  of 
Honeybees,"  American  Bee  Journal  127  12,  847  (December 
1987). 


Licensing 
Opportunities 


Department  of  Energy 


Technology  Application 


Brookhaven  National  Laboratory 


X-Ray  Device  for  Measuring  Lead  in  Children 


An  x-ray  device  for  measuring  lead  in  children  has  been  developed  by 
a  Brookhaven  National  Laboratory  scientist.     The  device  has  great 
significance  for  public  health. 

Lead  toxicity  in  preschool  children  impairs  the  development  of  the 
central  nervous  system  and  results  in  learning  and  behavioral  disabilities. 
In  the  U.S.,  it  is  estimated  that  two  to  four  million  preschool  children 
have  lead  toxicity.     Removing  the  lead  requires  a  procedure  called 
chelation. 

At  present,  the  diagnostic  test  for  these  children  involves  a  full  day  of 
hospitalization  that  includes  collection  of  total  urine  and  a  test  dose 
of  a  painful  chelator.     This  lead-chelation  test  is  not  feasible  for 
screening  a  large  population  of  children  because  of  the  discomfort 
and  expense  involved. 

The  x-ray  device,  which  measures  lead  in  bone,  can  screen  a  child  in 
about   15  minutes,  easily  and  painlessly.     With  anticipated  improvements, 
that  time  will  be  reduced  to  5-10  minutes.     Already,  nearly  100  children 
have  been  tested  with  a  prototype  of  this  device  in  a  clinical  program 
being  carried  out  in  collaboration  with  the  Pediatric  Metabolism  Clinic 
at  the  Albert  Einstein  College  of  Medicine. 

Literature:     In  Vivo  Bone  Measurements:     A  Rapid  Monitoring  Method 
for  Cumulative  Lead  Exposure,  L.  Wielopolski,  K.J.  Ellis,  A.N.  Vaswani, 
S.H.  Cohn,  A.  Greenberg,  J.B.  Puschett,  D.K.  Parkinson,  D.ri.  r-etterolf, 
and  P.J.  Landrigan,  American  Journal  of  Industrial  Medicine,  9:221-226 
(1986). 

Patent  Status:     Patent  application  submitted. 

Potential  Applications/Spinoffs:     In  addition  to  measuring  lead,   the  x-ray 
device  can  be  used  for  in-vivo  analysis  of  zinc,   copper,  and  strontium  in 
the  bone,  and  potassium,  chlorine,  calcium,   iron,  bromine,  and  rubidium 
in  the  skin  and  soft  tissue.     Quantitative  multielemental  analysis  of  trace 
elements  in  biological  specimens  in  vitro  also  is  possible. 
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For  More  Information  on  This  Technology:    Contact  Dr.  William  Marcuse, 
Office  of  Research  and  Technology  Applications,  Building  475,  Brookhave'n 
National  Laboratory,  Upton,  NY   11973;  (516)  282-2103, 
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Opportunity 


Lightweight  Helmet  for  Eye/Balance  Studies 

A  bite  board,  sized  liners,  and  inflatable  bladders  fix  the  helmet  to  the  head. 


A  comfortable  lightweight  helmet  serves 
as  a  mounting  platform  for  stimulus  and 
sensor  modules  used  in  experiments  on 
the  role  of  the  vestibulo-ocular  reflex  in 
motion  sickness  and  space-adaptation 
syndrome.  These  experiments  require  pre- 
vention of  relative  motion  between  the  sub- 
ject's head  and  the  helmet-mounted  mod- 
ules. To  achieve  this  without  discomfort  to 
the  subject,  the  helmet  has  a  fitted  liner 
and  five  inflatable  air  bladders  that  stabilize 
the  helmet  with  respect  to  the  subject's 
head.  A  oersonal  bite  board  attached  to  a 
chin-bar  assembly  makes  the  hard  palate 
in  the  subject's  mouth  serve  as  a  final  posi- 
tion reference  for  the  helmet. 

The  new  helmet  replaces  a  heavier 
metal  helmet  that  was  cumbersome  and 
very  uncomfortable.  To  prevent  relative 
movement  between  helmet  and  head,  that 
helmet  used  padded  screws  that  pressed 
against  the  subject's  head  —  a  fixation 
technique  that  adversely  affected  both  da- 
ta collection  and  the  subject's  mental  atti- 
tude. 

The  new  helmet  is  easy  to  put  on  and 
take  off.  Its  relatively  low  cost  and  simple 
manufacturing  process  make  it  attractive 
for  a  variety  of  neurosensory  investiga- 
tions. It  is  easily  adapted  to  different 


wearers  and  exoeriments. 

The  new  helmet  is  made  of  a  lightweight 
polyethylene  material  (Spectra  900  or 
equivalent),  fiberglass,  and  layers  of  graph- 
ite fibers.  Without  modules  or  accelerome- 
ters,  it  weighs  less  than  4  lb  (1.8  kg).  Low 
weight  is  necessary  to  reduce  changes  in 
reflexes  caused  by  forces  on  head  and 
neck  muscles.  Even  when  using  the  hel- 
met in  zero  gravity,  low  mass  is  necessary 
to  minimize  inertia. 

Because  some  of  the  experiments  done 
with  the  helmet  can  cause  motion  sick- 
ness, a  bite-board  rapid-removal  system  is 
included  as  a  safety  measure.  Pulling  on  a 
release  cord  detaches  the  lower  front  por- 
tion of  the  helmet  and  the  bite  board  so  that 
the  subject  can  remove  the  helmet  rapidly. 

The  helmet  has  quickly-  and  easily-oper- 
able electrical  and  mechanical  connectors 
to  facilitate  interchangeability  of  the  stimu- 
lus and  sensor  modules.  Each  module  in- 
cludes the  male  portion  of  a  Hasselblad  (or 
equivalent)  bayonet  camera  mount.  Fe- 
male portions  of  the  bayonet  mounts  are 
mounted  on  the  visor  of  the  helmet  so  that 
the  modules  can  be  mounted  in  front  of  the 
subject's  eyes.  Flattened  areas  on  the  top, 
back,  and  sides  of  the  helmet  allow  for  the 
mounting  of  accelerometers  and  other 


mechanical  connections  for  sensing  the 
position  and  acceleration  of  the  head.  In- 
structions can  be  communicated  to  the 
subject  via  headphones  mounted  in  the 
helmet  lining.  A  foam  pad  at  the  nose  and 
cheeks  prevents  unwanted  stimulation  of 
the  subject  by  outside  light. 

Thus  far,  stimulus  and  monitoring  de- 
vices that  have  been  mounted  on  the  hel- 
met include  the  following: 

•  Accelerometers  to  measure  the  accelera- 
tion of  the  head; 

•  Video  cameras  to  record  eye  movements; 

•  An  optokinetic  stimulus  module; 

•  Various  light  filters,  including  complete  oc- 
clusion; and 

•Calibration  modules  for  electro-ocular- 
grams. 

This  work  was  done  by  M.  Catherine 
McStravick,  David  R.  Proctor,  and  Scott  J. 
Wood  of  Technology  Inc.  for  Johnson 
Space  Center.  No  further  documentation 
is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center 
Refer  to  MSC-21249/TN 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL.3 
Houston,  TX  77058 
(713)483-4871 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 
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Lithologic  Data  from  Pacific  Ocean  Deep  Sea  Drilling 
Project  Cores 

A  data  report,   Lithologic  Data  from  Pacific  Ocean  Deep  Sea  Drilling 
Project  Cores,   has  been  published  by  NGAA  as  a  compendium  of  basic   information 
derived  from  sediment  cores   recovered   from  Deep  Sea  Drilling  Project   (DSDP) 
drillsites   in  the  Pacific  Ocean.     The  DSDP,  managed  by  the  Scripps  Institution 
of  Oceanography,    took  core  samples  from  510  deep  sea  locations   in  the  Pacific 
Ocean  from  1968  through  1983.      Data  presently  scattered  through  some  90-plus 
volumes  of  reports  of  the  DSDP  and  an  array  of  scientific   literature  are  pulled 
together  into  this  single  volume  that  serves  as  a  body  of  general   information 
for  broad-based  studies  or  as  a  first  point-of-reference  for  highly  focused 
studies.     The  report   is  of  value  to  marine  researchers   in  industry,   univer- 
sities, Government,    foreign  countries,   and  the  general  public. 
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Site  summaries  and  lithological  logs  for  234  drillsites  in  the  Pacific 
Ocean  are  presented  in  a  standardized  condensed  format  and  include  information 
on  age,  lithology,  percent  carbonate,  percent  biogenous  silica,  bulk  density, 
and  porosity.   Because  of  the  limitations  of  space,  the  report  uses  a  graphic 
presentation.  All  data  are  presented  against  a  common  sub-bottom  depth  scale. 
The  complete  data  upon  which  the  lithologic  displays  are  based  can  be  obtained 
on  magnetic  tape  from  the  National  Geophysical  Data  Center. 

The  report  was  prepared  by  Lillian  F.  Musich,  Thomas  A.  Davies,  Peter  B. 
Woodbury,  and  Donald  F.  Marsee.  It  was  published  for  World  Data  Center  A  for 
Marine  Geology  and  Geophysics  by  the  National  Geophysical  Data  Center. 

Additional  information  on  the  report  is  available  from  NCAA  ORTA, 
Suitland  Professional  Center  (SPC),  Room  307,  Suitland,  Maryland  20233. 
Telephone:   (301)  763-4240. 


( 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Rain-Mapping  Radar 

Rates  of  precipitation  would  be  measured  over  large  areas. 


A  proposed  orbiting  radar  system  would 
measure  rates  of  rainfall  from  0.5  to  60 
mm/h.  The  accumulated  radar  return  sig- 
nals would  be  processed  into  global  maps 
of  monthly  average  rainfall  for  use  in  cli- 
matological  studies. 

Radar  waves  are  scattered  and  ab- 
sorbed by  rainfall  to  extents  that  depend  on 
the  wavelength,  the  polarization,  the  rate  of 
rainfall,  and  the  distribution  of  sizes  and 
shapes  of  raindrops.  The  backscattered 
radar  signal  as  a  function  of  the  length  of 
the  path  through  the  rain  can  be  used  to  in- 
fer detailed  information  about  the  rain. 

The  proposed  system  would  take  meas- 
urements at  frequencies  of  14  and  24  GHz. 
Because  of  the  relatively  small  absorption 
by  rain  at  14  GHz,  this  frequency  would  be 
used  to  measure  moderately  heavy  to 
heavy  rain.  Because  the  radar  reflectivity 
of  light  rain  is  stronger  at  24  GHz,  this  fre- 
quency would  be  used  to  measure  the  low- 
er rates  of  rainfall. 

To  avoid  ambiguity  in  range,  the  trans- 
mitted pulse  length  would  be  80  ^s,  and  the 
pulse-repetition  frequency  would  be  about 
3.5  kHz.  The  use  of  a  pulse-compression 
technique  and  a  pulse  bandwidth  of  4  MHz 
result  in  an  intrinsic  range  resolution  of 
37.5  m.  With  the  given  pulse-repetition  fre- 
quency, the  echoes  from  pulse  to  pulse 
would  be  statistically  independent  of  the 
fluctuation,  enabling  the  reduction  of  the 
average  power.  The  net  range  resolution 
after  the  averaging  of  independent  echo 
samples  would  be  250  m.  During  the  silent 
period  after  each  echo  measurement  and 
before  the  transmission  of  the  next  pulse, 
the  received  noise  would  be  measured  to 
compile  estimates  of  the  noise  power  of 
the  system. 

The  range  resolution  would  provide  in- 
formation on  the  vertical  variability  of  rain- 
fall. From  a  height  of  about  300  km,  the 
radar  would  scan  electronically  across  the 
track  on  the  ground  (see  figure)  in  a  swath 
200  km  wide  with  a  horizontal  resolution  of 
4  km  during  90  percent  of  the  time.  During 
the  remaining  10  percent  of  the  time,  the 
swath  would  be  widened  to  600  km  (with  a 
consequent  loss  in  both  vertical  and  hori- 


Scanning  Across  a  Swath  200  km  wide,  the  radar  would  move  along  a  track  to  produce  a 
global  map  of  the  rate  of  rainfall. 


zontal  resolution)  to  obtain  supplemental 
data  that  aid  in  the  distinction  between 
water  suspended  in  clouds  and  the  rainfall. 
The  expected  performance  of  the  sys- 
tem was  estimated  via  an  equation  that  ex- 
presses the  signal-to-noise  ratio  of  the 
radar  echo  from  the  raindrops  in  terms  of 
the  peak  transmitted  power,  various  pa- 
rameters of  the  equipment,  the  distance  to 
the  measured  position,  the  radar  reflectivi- 
ty of  the  raindrops,  and  the  attenuation  of 
the  signal  along  the  signal  path.  The  reflec- 
tivity and  attenuation  are  approximated  by 
empirical  equations  that  relate  them  to 
rates  of  rainfall.  It  appears  that  the  meas- 
urements at  14  GHz  can  attain  accuracies 
better  than  10  percent  for  rates  of  rainfall 
from  0  5  to  50  mm/h.  However,  because  of 
strong  attenuation  at  higher  rates,  the  ac- 


curacies of  measurements  at  24  GHz  are 
expected  to  deteriorate  with  increases  in 
the  depth  of  penetration. 

This  work  was  done  by  K.  E.  Im,  F.  K.  Li, 
W.  J.  Wilson,  and  D.  Rosing  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
NPO-17248/TN 
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Topographical  Mapping  With  Synthetic-Aperture  Radar 

Interferometry  assists  in  locating  image  points. 


Interferometric  side-looking  synthetic- 
aperture  radar  shows  promise  for  high-res- 
olution topographical  mapping  of  terrain. 
While  the  radar-mapping  technique  is  not 
yet  competitive  with  conventional  stereo- 
scopic aerial  photography,  theoretically  it 
has  the  potential  to  attain  a  root-mean- 
square  (rms)  altitude  error  as  small  as  2  m. 

The  mapping  airplane  carries  two  radar 
antennas  (see  figure).  The  radar  signal  is 
transmitted  by  the  right  antenna,  and  the 
signal  reflected  from  the  ground  is  re- 
ceived by  both  antennas.  Both  the  ampli- 
tudes and  the  phases  of  the  received 


signals  are  recorded  and  processed  sepa- 
rately to  yield  two  10-m-resolution  ampli- 
tude-and-phase  images  of  the  illuminated 
terrain.  The  two  images  are  then  mathe- 
matically combined  point  by  point  to  obtain 
a  single  image  containing  interference 
fringes:  the  phase  at  each  location  of  the 
image  is  the  difference  between  the 
phases  in  the  two  signals,  and  the  ampli- 
tude at  each  location  is  the  product  of  the 
amplitudes  of  the  two  signals. 

The  resolution  of  the  slant  range,  e,  pro- 
vided by  the  radar  pulses  is  about  7.5  m. 
Within  the  slant-range  resolution,  q  is  inde- 
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Using  6oth  Antennas  to  receive  the  echo  of  the  signal  transmitted  by  one  of  the  antennas, 
the  synthetic-aperture  radar  system  generates  an  interferometric  map  that  increases  the 
precision  of  the  final  topographical  map  of  the  terrain. 


terminate,  although  the  dista  ice  e-e  ^an 
be  determined  within  about  1  cm  from  the 
interferometric  data.  The  vertical  distance 
from  the  antennas  to  the  ground  is  ob- 
tained from  simple  trigonometric  identities. 
The  combination  of  geometry  ai  ia  interter- 
ometry  results  in  an  equation  tor  ihe  verti- 
cal distance  from  the  antennas  to  tne  ob- 
served point  on  the  ground  as  a  rur  iction  of 
the  slant  height,  the  phase  difference  in  the 
interferogram,  the  distance  between  an- 
tennas, the  wavelength  of  tne  raaar  signal, 
and  the  roll  angle  of  the  airplane. 

The  computed  relative  aitituae  is  com- 
bined with  the  along-track  and  siar  it-range 
measurements  to  infer  the  three-dimen- 
sional location  of  each  observed  point.  The 
data  are  then  transformed  to  standard, 
mutually  perpendicular  coordinaies  to  ob- 
tain the  familiar  form  of  an  altituoe-contour 
map  on  square  horizontal  coordinaies.  The 
original  radar^brightness  map  can  oe  recti- 
fied and  interpolated,  using  tne  same 
height  data,  with  the  result  that  the  radar 
brightness  and  the  topography  are  coordi- 
nated in  position.  This  aids  the  interpreta- 
tion of  the  radar-brightness  data,  facilitat- 
ing the  decoupling  of  local  topoyrapnical 
features  from  other  factors  that  conuiDute 
to  the  radar  reflectivity. 

The  technique  was  tested  Dy  tne  use  ot 
a  CV-990  airplane  to  map  11-  by  10 -km 
regions  on  the  California  coast,  sampled 
on  a  grid  of  11-m  picture  elements.  The 
total  of  relative  rms  errors  over  land  areas 
due  to  various  limitations  on  the  equipi  nent 
was  about  6  m.  Systematic  errois  in  tne 
knowledge  of  the  aircraft  attitude  may  De 
responsible  for  a  global  rms  error  of  20  m. 
Measurements  over  the  ocean  yieioed  rms 
variations  of  2  to  10  m,  which  are  consist- 
ent with  the  theoretical  value. 

This,  work  was  done  by  Howard  A. 
Zebker  and  Richard  M.  Goldstein  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory.   NPO-16665/TN 
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Technology  Application 


Sandia  National  Laboratory 


New  Coherent,  Tunable  UV  Light  Source  Is  Highly  Efficient 


A  tunable,  highly  efficient  source  of  coherent  ultraviolet  light—suitable 
for  possible  applications  ranging  from  Stragetic  Defense  Initiative  (SDI) 
hardware  to  chemical  analysis — has  resulted  from  research  at  Sandia 
National  Laboratories. 

The  new  laserlike  device,  a  vacuum  ultraviolet  (VUV)  source,  has  been 
demonstrated  jointly  by  Sandia  and  Spectra  Technology,  Inc.,  of 
Bellevue,  Wash.     It  will  generate  coherent  ultraviolet  radiation  at   130 
nanometers  (nm)  with  nearly  a  thousandfold  improvement  in  efficiency 
over  previous  designs  and  is  tunable  over  the  range  of   120  to  140  nm. 

The  researchers  were  able  to  maximize  the  conversion  efficiency  of  an 
energy-scalable  vacuum  ultraviolet  source  by  using  a  technique  called 
sum-frequency  mixing.     The  method,   in  which  optical  beams  of  different 
wavelength  are  mixed  in  mercury  vapor,  has  achieved  efficiencies  of 
6  percent,  in  contrast  to  values  of  0.01   percent  typically  observed. 

Although  the  process  involves  no  population  inversion  and  no  stimulated 
emission—one  characteristic  of  a  laser— the  coherent  light  it  produces 
is  essentially  identical  to  that  of  a  laser. 


Vacuum  ultraviolet  (VUV)  source  co-developers  Arlee  Smith 
(left)  and  William  Joe  Alford  adjust  a  mercury  heat  pipe  cell  that 
mixes  optical  beams  of  different  wavelengths  in  mercury  vapor. 
A  similar,  larger  cell  is  used  in  the  1-millijoule  VUV  source  built 
by  Spectra  Technology  in  Bellevue,  Wash. 
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The  device  has  generated  800  microjoules  of  radiation  at  130  nm,  a  world 
record  for  this  wavelength.     The  nearly  1   millijoule  energy  achieved  so 
far  is  released  in  short  pulses  of  about  1   nanosecond,  resulting  in  powers 
of  about  1   megawatt. 

The  experiments  have  also  established  the  technical  feasibility  of  scaling 
up  the  source  to  the  1 -joule  level  and  beyond. 

Efficient,  energetic,  tunable  sources  that  emit  coherent  light  in  the 
vacuum  ultraviolet  region  of  the  spectrum  could  have  many  applications 
in  both  basic  science  and  national  defense  technology. 

Ultraviolet  radiation  with  a  wavelength  of  less  than  200  nm  is  called 
vacuum  ultraviolet  because  it  is  absorbed  by  air  and  other  gases  and 
generally  requires  use  of  evacuated  apparatus  for  transmission.  It  is 
also  sometimes  called  extreme  ultraviolet  radiation. 

A  1 -joule  light  source  emitting  at  130  nm— an  oxygen  resonance  wave- 
length— would  excite  oxygen  atoms  in  the  air.     This  is  an  application 
under  study  for  producing  ionization  channels  for  possible  SDI  uses. 

But  tunable,  bright  sources  capable  of  operating  in  this  area  of  the 
spectrum  might  also  be  useful  in  laser  spectroscopy  to  study  basic 
chemical  processes.     They  might  also  have  applications  in  photolitho- 
graphy to  make  microelectronic  circuits  of  submicron  line  width. 
Another  possible  use  is  as  a  diagnostic  tool  to  detect  oxygen  impurities 
in  the  plasma  inside  tokamak  fusion  machines. 

For  some  laboratory  applications  of  vacuum  ultraviolet  light,  a  single 

microjoule  is  considered  a  hefty  dose.     The  experiments  so  far  produce  / 

800  times  that  much.     But  the  same  design  can  be  used  for  a  much 

larger  and  more  energetic  system,  according  to  co-developer  Arlee  V. 

Smith,  a  Sandia  scientist.     All  that  is  needed  is  to  scale  up  the  beam 

from  its  present  diameter  of  4  mm  to  10  or  20  cm  in  order  to  achieve 

1   joule  of  energy. 

Mercury  vapor  is  the  mixing  medium  for  the  source.     This  gas  has  been 
shown  to  be  well  matched  to  the  needs  of  such  a  device  because  it  is 
an  efficient  conversion  medium.     Smith  and  Alford's  studies  enabled 
them  to  identify  the  best  way  to  optimize  the  mixing  process  to  achieve 
high  efficiencies,  or  high  output  energies. 

Based  upon  these  pioneering  measurements— and  on  theoretical  models 
by  colleague  G.  Ronald  Hadley  that  predicted  high  efficiencies— the 
Sandia  scientists  then  designed  a  tunable  and  efficient  vacuum  ultra- 
violet source. 

The  device  relies  on  the  technique  of  four-wave  mixing,  or  nonlinear 
optical  mixing.     The  light  from  three  lasers  that  emit  different  fre- 
quencies of  visible  and  ultraviolet  radiation  is  combined.     It  is  then 
passed  through  the  mercury  gas  to  create  vacuum  ultraviolet  radiation 
of  the  desired  frequency.     The  output  frequency  is  the  sum  of  the 
three  input  frequencies. 


FOR  ADDITIONAL  INFORMATION:  Public  Information  Division,  Code 
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No.  5. 
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Controlling  Vapor  Pressure  in  Hanging-Drop  Crystallization 

The  rate  of  evaporation  is  adjusted  to  produce  larger  crystals. 

A  device  helps  to  control  the  vapor 
pressure  of  water  and  other  solvent(s)  in 
the  vicinity  of  a  hanging  drop  of  solution 
containing  a  dissolved  enzyme  or  protein. 
The  device  thus  facilitates  the  control  of 
the  rate  of  approach  to  critical  supersatu- 
ration  during  the  crystallization  of  protein 
or  enzyme  macromolecules.  With  the  help 
of  the  device,  the  rate  of  nucleation  can  be 
limited  to  decrease  the  number  and  in- 
crease the  size  (and  perhaps  the  quality)  of 
the  crystals  —  large  crystals  of  higher 
quality  are  needed  for  x-ray  diffraction 
studies  of  these  macromolecules. 

The  protein  solution  includes  a  precipi- 
tating agent  (for  example,  NaCI)  that  com- 
petes with  the  protein  for  the  solvent,  there- 
by diminishing  the  solubility  of  the  protein 
or  enzyme  and  driving  the  solution  toward 
supersaturation  as  the  solvent  evaporates. 
The  drop  of  protein  solution  is  hung  over  a 
well  filled  with  another  solution  that  has  a 
higher  concentration  of  the  precipitating 
agent  and,  therefore,  a  solvent  vapor  pres- 
sure lower  than  that  of  the  drop. 

The  rate  of  evaporation  can  be  in- 
creased or  decreased  by  increasing  or  de- 
creasing the  difference  between  the  two 
vapor  pressures.  In  this  version  of  the 
hanging-drop  method,  fine  control  of  the 
vapor  pressure  and  the  vapor-pressure 
distribution  is  achieved  by  adjusting  the 
concentration  and  the  gradient  of  concen- 
tration of  the  precipitating  agent  in  a  well  of 
porous  sintered  glass  (see  figure).  To  re- 
duce the  lag  in  the  equilibrium  of  the 
vapors,  the  drop  is  suspended  close  to  the 
sintered  glass  The  porosity  of  the  glass 
also  helps  to  equilibrate  the  system  by  pro- 
viding a  large  surface  area  for  evaporation 
or  condensation. 

The  solution  enters  the  well  through  a 
central  inlet  tube,  then  wicks  throughout 
the  well  by  surface  tension.  If  the  incoming 
solution  has  a  concentration  different  from 
that  of  the  solution  already  present,  then 
a  concentration  gradient  propagates 
through  the  well.  Eventually,  the  new  solu- 
tion equilibrates  with  the  old  solution. 

The  device  was  tested  by  crystallizing 
white  lysozyme  of  hen's  egg.  Initially,  the 
well  was  charged  with  a  2-percent  solution 
of  NaCI.  Next,  a  4-percent  solution  of  NaCI 
was  steadily  pumped  into  a  mixing  recep- 
tacle containing  the  2-percent  solution,  so 


SECTION  A-A 
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A  Well  of  Porous  Frit  (sintered  glass)  holds  a  solution  in  proximity  to  a  drop  of  solution  con- 
taining a  protein  or  enzyme.  The  vapor  from  the  solution  in  the  frit  controls  the  evaporation  of 
the  solvent  from  the  drop  to  control  the  precipitation  of  the  protein  or  enzyme. 


that  the  mixed  output  pumped  to  the  well 
gradually  changed  from  a  concentration  of 
2  percent  to  4  percent  to  lower  the  vapor 
pressure  over  the  well.  Three  experiments 
were  performed,  each  with  a  different 
pumping  rate  and,  therefore,  a  different 
evaporation  rate.  The  experiments  showed 
that  the  nucleation  rate  decreases  with  the 
decrease  in  the  evaporation  rate,  as  in- 
tended. 

This  work  was  done  by  Daniel  C.  Carter 
and  Robbie  Smith  of  Marshall  Space 
Right  Center 
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Improved  State  Selection  for  Hydrogen  Masers 

Atoms  that  do  not  contribute  to  maser  oscillation  are  removed. 


An  improved  selection  system  for  a  hy- 
drogen maser  helps  to  exclude  the  hydro- 
gen atoms  from  the  storage  bulb  in  unde- 
sired  quantum  states  that  do  not  contribute 
to  the  amplification/oscillation  process. 
The  atoms  in  the  undesired  states  limit  the 
stability  of  the  maser  by  reducing  the  stor- 
age lifetime  of  the  atoms  in  the  desired 
state,  reducing  the  output  power,  and  col- 
liding with  atoms  in  the  desired  state  under 
circumstances  that  can  cause  systematic 
shifts  in  frequency. 

There  are  four  ground  hyperfine  states 
(energy  levels)  of  monatomic  hydrogen.  At 
the  point  of  origin,  the  hydrogen  beam  has 
approximately  equal  numbers  of  atoms  in 
all  four  states.  The  maser  transition  takes 
place  between  states  c  and  a,  as  shown  in 
Figure  1.  Consequently,  the  ideal  hydrogen 
beam  entering  the  maser  should  contain 

This  work  was  done  by  Robert  F.  C. 
Vessot  and  Edward  M.  Mattison  of  the 
Smithsonian  Institution  for  NASA's  Jet 
Propulsion  Laboratory. 

NPO-17114 


Figure  1.  The  Hyperfine  Ground  Energy 

States  of  monatomic  hydrogen  are 
distinguished  by  the  maser  transition  bet- 
ween states  c  and  a  and  by  splitting  in  a 
magnetic  field.  F  is  the  quantum  number  of 
the  total  (nuclear  plus  electron  spin  and  or- 
bital) angular  momentum,  and  M  is  the 
quantum  number  for  the  component  of  total 
angular  momentum  aligned  with  the  ap- 
plied magnetic  field. 


only  atoms  in  state  c.  Prior  selection 
schemes  have  eliminated  atoms  in  states 
a  and  b  but  have  allowed  atoms  in  state  d to 
enter  the  storage  region  in  numbers  equal 
to  those  in  state  a,  with  consequent  degra- 
dation of  the  maser  output. 

The  improved  selection  system  is 
shown  in  Figure  2.  The  monatomic  hydro- 
gen enters  through  a  hexapole  magnet, 
which  focuses  the  c  and  d  atoms  into  a 
beam.  The  beam  then  passes  through  a  dc 
axial  magnetic  field,  the  strength  of  which 
varies  along  the  axis.  A  perpendicular  ac 
magnetic  field  is  applied  in  this  region  at  a 
frequency  that  matches  the  energy  differ- 
ence between  the  c  and  d  levels  at  some 
point  in  the  region.  With  the  proper  choice 
of  the  frequency  and  amplitude  of  the  ac 
field  in  relation  to  the  parameters  of  the  dc 
field,  the  atoms  that  entered  in  state  d 


emerge  in  state  b,  while  the  few  entering 
atoms  in  state  b  emerge  in  state  d.  The 
atoms  in  the  desired  state  c  remain  un- 
changed. 

The  beam  passes  through  a  second 
hexapole  magnet,  which  eliminates  atoms 
that  have  shifted  to  state  b.  The  magnetic 
field  focuses  the  remaining  atoms  in  state 
c  toward  the  hydrogen-maser  storage  bulb 
at  various  angles  according  to  their  veloci- 
ties. The  apertures  and  stopping  disks  are 
strategically  placed  according  to  the  an- 
ticipated distribution  of  trajectories  to  pass 
mostly  atoms  in  state  c  in  the  desired 
velocity  range  and  to  block  atoms  in  the 
other  states  and  velocity  ranges.  Disk  stop 
3  also  prevents  ultraviolet  light  from  the 
hydrogen-molecule  dissociator  from  enter- 
ing the  maser  storage  bulb  and  decompos- 
ing its  polytetrafluoroethylene  coating. 
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Figure  2.  The  Selection  System  includes  hexapole  focusing  magnets  and  an  adiabatic-fast-passage  region  in  which  a  transverse  alternating 
magnetic  field  superimposed  on  a  steady  axial  magnetic  field  inverts  the  populations  of  the  F  =  1,  MF  =  ±1  states.  The  beam  that  enters 
the  maser  storage  bulb  contains  a  high  proportion  of  atoms  in  the  desired  c  state. 
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Computer 
Software 


Program  Collects 
and  Analyzes 
Thermoelectric  Data 

The  program  is  also 
adaptable  to  other  types 
of  experimental  data. 

The  Large  Gradient  Seebeck  Coefficient 
Measurement  computer  program  gathers 
many  channels  of  data,  performs  analysis, 
and  plots  each  set  of  data  simultaneously. 
The  user  can  easily  modify  the  code  to  al- 
ter the  number  of  channels  of  data  collect- 
ed and  the  sampling  rate  as  well  as  the 
equations  that  process  the  data. 

As  configured,  this  program  gathers  a 
series  of  six  temperatures  and  voltages, 
which  it  then  uses  to  calculate  the  Seebeck 
coefficient  from  the  slope  of  the  voltage- 
vs. -temperature  curve.  In  the  apparatus  for 


which  the  program  was  written,  the  speci- 
men can  be  cycled  automatically  through 
a  preselected  temperature  range,  and  the 
data  acquired,  stored,  and  analyzed.  This 
automation  makes  the  search  for  the  best 
thermoelectric  material  quicker  and  more 
accurate. 

This  program  is  written  in  HP  BASIC  for 
interactive  execution  and  has  been  imple- 
mented on  a  Hewlett-Packard  Model  85 
computer.  The  program  is  easily  modifiable 
for  inputs,  data-analysis  equations,  and 
plotting  procedures,  defined  by  the  user, 


making  it  ideal  for  a  broad  range  of  data 
gathering  by  use  of  the  Hewlett-Packard  85 
or  a  similar  computer.  It  was  developed  in 
1986. 

This  program  was  written  by  Art  B. 
Chmielewski  and  Charles  Wood  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17149/TN 
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New  Fiber-Optic-Based  Phase-Resolved 
Phosphorescence  Spectrometer 


A  new  phase-resolved  phosphorescence  spectrometer  is  described  which 
employs  a  cw  ultraviolet  argon-ion  laser  as  an  excitation  source.     The 
excitation  and  phosphorescence  radiation  is  carried  to  and  from  the 
sample  through  inexpensive  optical  fibers.     Typical  detection  limits  are 
less  than  85  nM  for  all  of  the  lumiphores  studied.    The  new  instrument 
is  shown  to  be  applicable  to  the  simultaneous  determination  of  the 
individual  components  in  binary  and  ternary  mixtures.     In  addition, 
the  new  instrument  is  used  for  the  generation  of  multidimensional  data 
sets.     Specifically,  the  phase-resolved  phosphorescence  intensity  vs. 
emission  wavelength  vs.  detector  phase  angle  setting  are  collected 
rapidly  (<    10  minutes)  for  several  of  the  lumiphores  studied.     These 
multidimensional  data  arrays  are  subsequently  used  for  multicomponent 
analyses. 

The  new  fiber-optic  based  phosphorescence  spectrometer  has  several 

advantages  over  more  conventional  low-temperature  phosphorescence  ■ 

instruments.     First,  all  the  problems  associated  with  a  Dewar  cell 
(window  frosting  and  cleaning,  cryogent  bubbling,  etc.)  are  eliminated 
with  the  fiber-optic  probe.     Second,  sample  throughput  is  increased 
by  about  a  factor  of  two  because  between  sample  clean-up  is  minimized. 
Third,  inexpensive  micro  vials  can  be  employed  as  sample  containers. 
Fourth,  detection  powers  are  sufficient  to  allow  the  sensitive  deter- 
mination of  most  phospherescent  species.     Finally,   measurements  can 
be  easily  performed  in  remote  inaccessible,  confined  and  hostile 
environments  using  the  fiber-optic  probe.     Shortcomings  of  the  system 
include   1)  that  after  about  250  freeze-thaw  cycles  the  glass  capillary 
shattered  and  2)  detection  limits  are  not  as  low  as  can  be  obtained  with 
direct  excitation  and  observation  of  phosphorescence.     The  shattering 
problem  could  perhaps  be  alleviated  in  the  future  through  use  of  a 
quartz  or  teflon  capillary  tube.     The  detection  limit  problem  is  intrinsic 
to  fiber-optic  sensors  and  is  part  of  the  trade  off  between  detection 
power  and  remote  sensing  capabilities. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact:  Gary  Hieftie,  Indiana  University,  Department  of  Chemistry, 
Bloomington,  IN  47405;  (812)  335-2189.     A  copy  of  this  report  is 
available  from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A191  325/NAC 

Price  code:     A03 
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Tecnnoiogy  Application 


BrooKnaven  National  Laboratory 


IMAGESystem 

A  System  to  Measure  DNA  Damage 


An  electronic  imaging  system,  named  IMAGESystem  by  its  developer, 
a  biophysicist  at  Brookhaven  National  Laboratory,   improves  the 
accuracy,  sensitivity,  and  speed  of  a  standard  method,  called  gel 
electrophoresis,   for  measuring  damage  to  DNA  by  ultraviolet  radiation 
and  other  physical  and  chemical  carcinogens.     In  collaboration  with 
other  scientists  at  Brookhaven  and  Harvard  Medical  School, 
IMAGESystem's  developer  uses  the  system  to  study  damage  and  repair 
of  DNA  in  ultraviolet-light-irradiated  human  skin. 

Gel  electrophoresis  is  used  extensively  in  molecular  biology  and  bio- 
technology to  separate  DNA  and  other  biomolecules  by  size  and/or 
shape.     At  present,   the  distribution  of  DNA  on  a  gel  after  electro- 
phoresis is  usually  determined  by  photographing  the  fluorescence  of 
a  DNA-specific  dye.     While  adequate,  the  photographic  method  has 
seveial  drawbacks,   such  as  a  nonlinear  response  to  dye  fluorescence, 
lot-to-lot  variability  of  photographic  film,  and  lengthy  film  processing 
time. 


CAMERA 
CONTROL 

SENSE  r 
HEAD  J 

MACRO  | 

LENS  -"£ 

FILTER^ 
GEL 


O  25 

II 


O  15 


a 


CAMERA  POWER 
AND  CONTROL 
INTERFACE 


RS- 170 


COLOR 
MONITOR 


RGB 


REFRIGERATED 
HOUSING 


\* 


VIDEO 
INTERFACE 


FRAME 
GRABBER 


UV 
ILLUMINATOR 


\                       / 
\                      / 

GRAPHICS 
TERMINAL 

RS-232 

COMPUTER 

Schematic  diagram  of  the  components  of  IMAGESystem, 


( 


In  contrast,  Brookhaven's  IMAGESystem  makes  use  of  recent  advances 
in  electronic  imaging  and  computer  technology  to  directly  and  rapidly 
quantitate  and  analyze  fluorescence  from  DNA  in  gels. 

Key  components  of  the  system  are:     a  modified  solid-state  TV  camera, 
a  video  frame  grabber  (a  device  to  digitize  the  image  from  the  TV 
camera),  a  uniquely  designed  interface,  and  a  computer.     The  TV  camera 
responds  linearly  to  the  intensity  of  fluorescence  and  is  useable  over 
a  wide  range  of  intensities;  hence,  it  is  quite  accurate  and  sensitive. 
Another  advantage  of  the  system  is  that  the  time  required  to  record 
and  process  data  is  greatly  reduced. 

Literature:     Electronic  Imaging  System  for  Direct  and  Rapid  Quantitation 
of  Fluorescence  from  Electrophoretic  Gels:     Application  to  Ethidium 
Bromide-Stained  DNA,  John  Clark  Sutherland,  Bohai  Lin,  Denise  C. 
Monteleone,  JoAnn  Mugavero,  Betsy  M.  Sutherland,  and  John  Trunk, 
Analytical  Biochemistry  163,  446-457  (1987). 

Patent  Status:     Patent  application  submitted. 

Potential  Applications/Spinoffs:     IMAGESystem  was  developed  to  improve 
the  accuracy,  sensitivity,  and  speed  of  the  alkaline  agarose  gel  method 
for  measuring  damage  to  DNA  by  ultraviolet  radiation  and  other  physical 
and  chemical  carcinogens.     It  can  also  be  used  to  determine  the  molecular 
size  and  the  quantity  of  fluorophore-labeled  DNA,  RNA,  or  proteins 
migrating  as  discrete  bands  on  electrophoretic  gels. 

For  More  Information  on  This  Technology:     Contact  Dr.  William  Marcuse, 
Office  of  Research  and  Technology  Applications,  Building  475,  Brookhaven         * 
National  Laboratory,  Upton,  NY   11973;  (516)  282-2103.  f 
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New  Approach  to  Analyses  for  Organic  Marine 
Contaminants 

Chemists  at  NOAA's  Northwest  and  Alaska  Fisheries  Center  have  developed  an 
improved  method  of  chemical  analysis  for  organic  marine  contaminants  that 
reduces  the  labor  and  cost  of  these  analyses  while  improving  their  performance. 
The  major  user  of  the  method  at  present  is  NCAA's  National  Status  and  Trends 
Program  that  monitors  the  quality  of  the  marine  environment  at  200  sites  along 
the  nation's  coastlines  and  needs  hundreds  of  chemical  analyses  on  marine 
sediments  and  tissues  each  year.  Other  users,  including  EPA,  are  increasingly 
employing  the  method. 

NOAA's  standard  method  has  consisted  of  extracting  the  contaminants  from 
the  sample;  isolating  the  contaminants  from  interfering  compounds;  and 
identifying  and  measuring  the  contaminants  by  gas  chromatography,  mass 
spectrometry,  or  high-pressure  liquid  chromatography  (HPLC) .  The  most  time- 
consuming  part  of  the  entire  procedure  was  the  isolation  or  "cleanup"  phase. 

In  searching  for  ways  to  improve  the  cleanup,  NOAA  chemists  developed  a 
method  that  employs  a  special  HPLC  column  to  separate  organic  molecules 
according  to  their  sizes  and  shapes.  It  rapidly  separates  most  interfering 
compounds  from  the  aromatic  hydrocarbons,  DDTs,  and  PCBs,  and  uses  less  solvent, 
which  reduces  the  evaporation  time  and  the  chance  for  laboratory  contamination. 

The  new  HPLC  cleanup  method  is  generally  more  precise  than  the  original 
procedure,  partly  because  fewer  steps  are  necessary.  Moreover,  most  of  the 
steps  have  been  automated. 

The  new  method  is  also  faster  and  less  expensive.  For  example,  the  time 
required  to  clean  up  the  sediment  and  tissue  extracts  has  been  reduced  by  about 
50%  and  7  5%,  respectively.  Less  glassware  is  needed,  and  column  calibration  is 
simpler.  The  HPLC  system  also  allows  better  control  of  the  chromatographic 
variables  (such  as  the  flow,  temperature,  and  pressure  of  the  solvent),  aL  well 
as  automatic  samplers  and  fraction  collectors.  Recoveries  of  the  organic  con- 
taminants are  also  higher. 

The  improved  procedure  was  developed  by  Dr.  Margaret  Krahn,  under  the. 
supervision  of  Dr.  William  MacLeod,  Jr.,  Environmental  Conservation  Division, 
Northwest  and  Alaska  Fisheries  Center,  National  Marine  Fisheries  Services,  NOAA. 

Additional  information  on  the  method  is  available  from  NOAA  ORTA,  Su?tland 
Professional  Center  (SPC) ,  Room  307,  Suitland,  Maryland  20233.  Telephone  (301) 
763-4240. 
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Dual-Cathode  Electron-Beam  Source 

The  beam  from  either  cathode  is  electromagnetically  aligned  with  an  exit  port. 


An  electron-beam  source  contains  two 
cathodes  for  reliability.  If  one  cathode  fails, 
the  other  can  be  turned  on.  The  source  is 
intended  for  applications  where  uninter- 
rupted service  is  needed;  for  example,  in 
scanning  electron  microscopes,  transmis- 
sion electron  microscopes,  electron-beam 
lithography  equipment,  Auger  instruments, 
and  microfocused  x-ray  sources. 

The  designers  of  the  electron-beam 
source  considered  the  use  of  a  shuttle  or 
carousel  that  would  move  a  replacement 
cathode  into  position  on  the  electron-beam 
axis.  However,  they  rejected  the  scheme 
because  it  would  be  heavy,  expensive,  and 
possibly  unreliable.  Instead,  they  chose  to 
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An  Electron  Beam  From  Either  of  Two 
Cathodes  is  deflected  by  magnetic  and 
electric  fields  to  a  central  axis.  Mechanical 
alignment  of  the  beam  is  easy  because  the 
cathode  axes,  the  anode  apertures,  and  the 
electron  trajectories  are  coplanar. 


use  two  fixed  cathodes  side  by  side  and  to 
deflect  the  beam  from  either  to  a  common 
electron-optical  axis.  Three  electromag- 
nets with  electrically-isolated  pole  pieces 
deflect  the  beams. 

The  cathodes  are  located  8  mm  on 
either  side  of  the  electron-optical  axis  (see 
figure).  Their  tips  are  5  mm  from  the  top  of 
the  magnet  assembly,  which  is  the  anode. 
To  use  the  electron  beam  from  cathode  2, 
for  example,  magnets  B  and  C  are  turned 
on  with  opposite  polarities,  and  the  cur- 
rents in  the  magnet  coil  windings  are  ad- 
justed until  the  beam  follows  a  sigmoid 
path  that  brings  it  into  coincidence  with 
the  axis. 

The  radius  of  curvature  of  the  trajectory 
is  107.75  mm,  and  each  deflection  angle  is 
15.19°.  The  magnetic  field  needed  to  de- 
flect the  electrons,  which  have  -15  keV 
energy,  is  small  —  only  3.8x10 ~3  T  The 
magnet  yokes  can  therefore  be  made  thin 
and  light. 

The  beam  position  is  coarsely  adjusted 
by  rotating  and  translating  the  cathode 
assembly.  A  sliding  seal  between  the 
movable  assembly  and  the  housing  pre- 
serves the  vacuum  in  the  electon-beam 
chamber. 

Herzog  shunts  and  gaps  at  the  entrance 
and  exit  of  each  magnet  control  the  bound- 
aries of  the  magnetic  fields.  The  controlled 
boundaries  ensure  that  the  beam  trajec- 
tory is  symmetrical  about  its  inflection 
point.  Once  the  mechanical  coarse  adjust- 
ment has  been  done,  the  symmetry  elimi- 
nates gross  errors  in  the  beam  position  at 
the  exit  of  the  assembly  that  might  result 
from  small  changes  in  the  cathode  voltage. 

Usually,  the  magnetic  fields  alone  are 
not  enough  to  bring  the  beam  into  exact 
coincidence  with  the  optical  axis,  and  elec- 
trical potentials  of  up  to  ±150  V  are  there- 
fore applied  to  the  electrically  insulated 
pole  pieces  of  the  electromagnets  to  de- 
flect the  electrons  to  precise  coincidence 
with  the  optical  axis.  The  magnetic  and 
electrostatic  deflections  are  in  mutually 
perpendicular  directions,  and  both  are  per- 
pendicular to  the  electron  beam.  The  use 
of  both  magnetic  and  electric  fields  in  the 
same  region  yields  a  highly  compact  unit. 


If  cathode  2  should  fail,  power  can  be 
applied  to  cathode  1  to  continue  the  supply 
of  electrons.  The  coarse  adjustment  for 
cathode  2  has  already  put  cathode  1  in 
nearly  the  proper  position;  it  is  necessary 
only  to  perform  the  fine  adjustment  with 
the  magnetic  and  electric  fields. 

This  work  was  done  by  James  G. 
Bradley  and  Joseph  M.  Conley  of  Caltech 
and  David  B.  Wittry  of  the  University  of 
Southern  California  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL.  Refer  to  NPO-16878./TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drivt, 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-2240 
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Protecting  Airplanes  From  Wind  Shear 


Improvements  in  flightpath 
displays  may  help  pilots  avoid 
crashes  in  downbursts. 

A  report  presents  the  computer-simulat- 
ed response  of  a  large  transport  aircraft  to 
downbursts  of  wind  during  takeoffs  and 
landings.  The  simulation  clearly  demon- 
strates the  benefits  of  increased  available 
energy  in  the  form  of  initial  speed,  initial 
altitude,  or  higher  thrust-to-weight  ratio. 
For  example,  the  advantage  of  an  increase 
of  10  kn  (5.1  m/s)  in  speed  can  be  equated 
to  the  advantage  of  about  130  ft  (40  m)  of 
altitude  at  takeoff  and  landing  speeds. 

The  simulation  was  prompted  by  a 
crash  in  New  Orleans  in  1982  caused  by 
downburst  wind  shear.  The  investigation 
that  followed  the  crash  called  for  studies  of 
the  ability  of  aircraft  to  penetrate  and  re- 


cover from  wind  shears  and  for  develop- 
ment of  sensor  and  guidance  equipment 
on  board  aircraft  to  improve  the  chances 
of  recovery. 

The  simulation  showed  that  the  higher 
thrust  margins  required  of  two-engine  air- 
craft, as  opposed  to  three-  or  four-engine 
planes,  increase  the  tolerance  of  severe 
shear.  The  most  successful  procedures  for 
flying  through  downburst  shears  involved 
flightpaths  near  the  ground,  sacrificing 
altitude  for  speed  to  increase  endurance  in 
the  shear.  Flying  at  fixed  pitch  attitude  was 
found  to  be  less  successful  but  neverthe- 
less is  probably  the  most  practical  proce- 
dure with  the  flight-guidance  displays  cur- 
rently available  to  pilots.  The  performance 
of  an  aircraft  in  a  severe  wind  disturbance 
would  be  improved  by  displaying  the  flight- 
path  so  that  it  can  be  controlled  directly 
and  by  simultaneously  displaying  informa- 


tion on  the  speed  and  altitude. 

This  work  was  done  by  Richard  S.  Bray 
of  Ames  Research  Center.  "Aircraft 
Performance  in  Downburst  Wind  Shear, " 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11801fTN 


Ames    Research    Ctr. 

Technology    Utilization 
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(415)694-6471 
Patent  Counsel 
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Moffett  Field.  CA  94035 
(415)694-5104 
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Tests  of  Helicopter  Control  System 

Advanced  control  systems 
are  being  developed 
for  rotorcraft. 


A  report  discusses  aspects  of  the  de- 
velopment of  a  multivariable,  explicit- 
model-following  control  system  for  the  CH- 
47B  fly-by-wire  helicopter.  This  project  is 
part  of  a  recent  trend  toward  the  use  of 
highly-augmented,  high-gain  flight-control 
systems  to  assist  the  pilots  of  military  heli- 
copters in  the  performance  of  demanding 
tasks  and  to  improve  the  handling  qualities 
of  the  aircraft. 

The  CH-47B  has  been  modified  for  re- 
search purposes  to  include  full-authority, 
electrohydraulic,  parallel  actuators  in  each 
of  the  four  control  axes.  These  actuators 
act  as  the  interface  between  the  electronic 
control  system  and  the  basic  CH-47B  me- 
chanical control  system.  An  evaluation 
pilot  is  equipped  with  a  longitudinal-and- 
lateral  cyclic  stick  with  a  programmable 
force-feel  system,  conventional  pedals, 
and  a  standard  collective  lever.  Electrical 
control  inputs  from  the  evaluation  pilot  and 
measurements  of  the  helicopter  motions 
are  processed  in  the  onboard  flight  com- 
puters to  produce  the  commands  for  the 
electrohydraulic  actuators.  The  parallel  ar- 
rangement of  the  electronic  control  sys- 
tem with  the  mechanical  control  system  al- 
lows a  safety  pilot  to  monitor  the  electronic 


control  system  by  following  the  motion  of 
his  controls  since  these  controls  are  me- 
chanically connected  to  the  actuators. 

The  electronic  control  subsystem  strives 
continuously  to  make  the  helicopter  be- 
have like  a  mathematical  model  that  repre- 
sents the  desired  helicopter  dynamics.  The 
commands  from  the  pilot  are  fed  to  the 
model;  the  errors  between  the  states  of  the 
model  and  the  measured  states  of  the  heli- 
copter are  fed  to  the  control  subsystem 
that  attempts  to  minimize  the  errors  by 
generating  control  signals  for  the  actua- 
tors. 

The  explicit  model  chosen  for  flight  tests 
was  a  linear  decoupled  model  in  which  the 
pilot  commanded  the  pitch  attitude  with 
the  longitudinal  cyclic  stick,  the  roll  attitude 
with  the  lateral  cyclic  stick,  the  yaw  rate 
with  the  pedals,  and  the  vertical  velocity 
with  the  collective  lever.  Because  the  tests 
revealed  an  unacceptable  delay  of  about 
0.4  s  between  the  pilot's  command  and 
the  aircraft  response,  the  control  algorithm 
was  augmented  with  a  feed-forward  con- 
trol law.  Additional  high-frequency  roll-rate 
feedback  was  also  required  to  reduce  roll- 
control  overshoot. 

The  modified  control  system  gave  high- 
bandwidth  control  and  excellent  perform- 
ance in  flight.  The  frequency  and  damping 


characteristics  of  the  helicopter  motions 
followed  those  of  the  model  almost  per- 
fectly. The  aircraft  followed  the  model  with 
a  delay  of  about  200  ms. 

This  work  was  done  by  Kathryn  B. 
Hilbert  and  J.  Victor  Lebacpz  of  Ames  Re- 
search Center  and  William  S.  Hindson  of 
Stanford  University. 

"Flight  Investigation  of  a  Multivari- 
able Model-Following  Control  System  for 
Rotorcraft," 

Inguiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center.  Refer  to  APC-11761/TN 
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